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THE TIME: Early 1940. THE ACHIEVEMENT: A small, compact ballistic computer 
for the U.S. Navy. THE ResuLt: The beginning of Librascope’s leadership in 
the design, development, and production of weapons and navigation control 
systems and components. 
Today, Librascope-designed and manufactured electronic and mechanical 
equipment for the MK 113, MK 111, MK 110, MK 107, and MK 105 under- 
water fire control systems include computers, attack directors, torpedo and 
missile angle solvers, attack plotters, depth plotters, position keepers, target 
motion analyzers, stabilization computers, roll and pitch computers, and vari- 
ous indicators and control instruments. ® Librascope’s simulation laboratories 
provide the Navy with a means for testing and analyzing the performance of 
TODAY'S ANTISUBMARINE equipment under “real attack” conditions. In the field, our engineers assist 
WEAPONS CONTROL COMPUTER in the maintenance and improvement of Librascope systems. 





area ene 
answers 


when 
you need 
them! 


COURTESY NOC-TV FILMS’ "THE SILENT SERVICE’* 


For information on career opportunities at Librascope, 
write Glen Seltzer, Employment Manager. Lio-s 


Librascope’s experience creating new concepts in computer 
—control systems for both military and industrial use can \ ‘1B ASCOPE GENERAL 
be accurately applied to your specific needs. m For detailed C IBRASCOPE PRECISION 
information and solutions to your computer problems, write... . COMPANY 


A 


LIBRASCOPE, INC.* 808 WESTERN AVENUE ¢ GLENDALE, CALIF. ¢ A Subsidiary of General Precision Equipment Corporation 
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1200 Temperatures entrusted to two L&N data systems! 


At the new Bergen Generating Station of Public Service Elec- 
tric and Gas Company, two 600 point L&N Data Systems will 
monitor bearing, boiler tube, and condensate temperatures 
for No. 1 and 2 Units. 


Electric typewriters will log data for each unit on con- 
tinuous 82” wide log sheets, perforated every 11”... one 
typewriter logging all 600 temperatures while the other is 
recording off-normals (in red) and up to 10 trends. All inputs 
are scanned every two minutes for off-normals, with scanning 
proceeding during logging and trending. As an example 


of the system’s safety measures, all data can go through 
either typewriter so the operator is never left without vital 
information. 

In designing this system, Public Service and L&N engineers 
made a thorough study of Bergen’s requirements. L&IN’s con- 
tribution was based on 30 years’ experience in power plant 
measurements and an expert knowledge of data processing. 
For data systems and other power plant controls, call your 
nearby Field Office or Leeds & Northrup Co., 4918 Stenton 
Ave., Philadelphia 44, Pa. 


Data Systems engineered to power-plant standards by LEEDS NORTHRUP 


Instruments Automatic Controls « Furnaces 
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RAYTHEON PNP GERMANIUM TRANSISTORS 


























All types available now in production quantities. Write for Data Sheets. 


SEMICONDUCTOR DIVISION 


RAYTHEON MANUFACTURING CO. 
SILICON AND GERMANIUM DIODES AND TRANSISTORS + SILICON RECTIFIERS + CIRCUIT-PAKS 


New York, Plaza 9-3900 + Boston, Hillcrest 4.6700 . Chicago, NAtiona!l 5-4000 Los Angeles, NOrmandy 5-4221 
Boltimore, SOvthfield 1-1237 - « Cleveland, Winton 1-7716 . Kansas City, Plazo 3-5330 
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Published for engineers and technical management men who are responsible for 
the design, application, and test of instrumentation and automatic control systems 





83 Take a New Look at 
AC MOTORS FOR ADJUSTABLE-SPEED SYSTEMS 
C. S. SISKIND of Purdue University examines the status of ac adjustable-speed drives 
in a special 16-page report. Largely regarded as constant-speed devices in recent years, 
these multispeed ac actuators can be found in many efficient forms, Professor Siskind 
points out. Renewed interest in the application of the devices prompts this coverage. 


Continuous Testers Check Chemical-Property Specifications 
]. D. YANAK and A. CALABRESE of M. W. Kellogg review new devices that continu- 
ously yield up-to-the-minute product performance information to the process operator. 


How to Specify Servo Repeaters 
F. J. SNOW of Waldorf Electronics gives a step-by-step method for quickly picking a 
particular servo repeater from the published data on the many models now being offered. 


Solid-State Circuitry: Promise Today, Practice Tomorrow 
E. J. KOMPASS and L. H. YOUNG of Conrrot ENcINEERING presents an interpretive 
report surveying the impact of solid-state circuitry on the future of the control field. 


Data File 27—Graphic Solution for Cubic System Damping 


K. EKLUND of Parameters, Inc., reveals a useful chart that gives the damping factor and 
the undamped natural frequency of systems described by a cubic characteristic equation. 


How to Reduce Interaction Between Control Loops 
]. E. VALSTAR of Hughes Aircraft outlines a simple technique for making sure that the 
controllers link the best combination of the measured variable and final control element. 


Fundamentals of Multivibrators—I 
E. KEONJIAN and W. PERZLEY of American Bosch Arma Cover operation, perform- 
ance specs, and design of tube and transistor units in this, the first of two articles. 





A New Idea for Precision Linear Positioning 

D. J]. MYNALL of BTH describes the Helixyn, an unusual capacitive-type transducer. 
Measuring Turbidity Simplifies Titration 

R. D, EISENHARDT of Monsanto Chemical Co. controls mole ratio photoelectrically. 


Photocell Gages Improve Tube Filaments 10 Times 
E. P. LAFFIE of CBS-Hytron uses optics to control application of aluminum oxide. 


Starting Motors in Delayed Sequence 
T. C. CAMERON of Sundstrand Machine Tool Co. tells how to start motors in groups. 


Continued on next page ' 





WHAT’S NEW IN THE CONTROL FIELD 
Computer Eases Gas Dispatching Job 


First computer-logger in gas distribution system lends itself to closed-loop control. 


Automatic System Speeds Parcel-Post Sorting 


Static-switching units and magnetic-drum memory speed package classification processes. 


Air Force Drafts Supervisory Control 


Missilemen borrow an established system of remote control for space-probe test shots. 
Three Meetings in a Week 

CtE editor gives his impressions of steel, process control, and atomic energy meetings. 
Too Much Data? 


A new, sound approach to collecting information presented to Flight Test Symposium. 


Tape Calls Control Signals for Branch Plant 


British firm records processing machinery control sequence, ships it to overseas branches. 





Control Personality— ROY B. SIMS 


English control engineer puts automatic control to work for steel processing industries. 


Industry’s Pulse—1959 Shapes Up as a Good Year for Control 


First-quarter reports buttressed by optimistic capital spending plans cheer the field. 


Editorial—Support Education in Control 


If better trained control engineers in industry will benefit you, help in their support. 


New Product Developments 


A transistorized analog computer occupies little more area than an electric typewriter. 


Abstracts of Technical Papers 


New symbols and hardware for basic data handling functions simplify system design. 


8 Shop Talk 178 Bulletins & Catalogs 197 Meetings Ahead 
10 Feedback 194 New Books 198 Reprints 
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Specified by Panellit— 








An Adaptable Printer with 
Day In-Day Out Reliability 


Understandably, Panellit’s requirements for a digi- 
tal printer were strict. The Skokie, Illinois firm’s 
recording annunciator, which monitors trouble in 
equipment operations, has to have around-the- 
clock reliability. It has to indicate what went 
wrong, exactly when it went wrong, and for how 
long. In many instances, the printer must operate 
at remote stations, unattended. Panellit chose 
CMC’s new digital printer to provide this high 
degree of dependability. 


READILY ADAPTED 


The tape above shows the adaptability of CMC’s 
printer to special applications. The Panellit system 
scans a number of points and then records, in a 
single twelve digit printout, the off-normal point, 
the off-normal code, the hour, minute and hun- 
dredth of a minute. The date is printed every 
twelve hours and on demand. 

The system detects the first off-normal to a one 
cycle accuracy and records sequentially at the rate 


. of four alarms per second. Alarms occurring faster 


are stored in the memory unit and printed accord- 
ing to a built-in sequence. The entire record is neat, 
compact and permanent. 


PRINTER FEATURES 


No stepping switches * 4 lines per second printout 
* parallel entry * 8 options...10 line output to 
drive punches and electric typewriters, analog out- 
put to drive strip chart recorder, inline readout, 
accumulator, code converter, transistorized drive, 
add-subtract solenoid, print-line identification * 
rugged unitized construction ®* compatible with 
any line of counting equipment. 


KEY SPECIFICATIONS + Model 400C Digita! Printer 
Print-out capacity 6 digits standard, up to 12 on special 
order. Accuracy determined by basic counting instrument... 
display time 0.2 seconds minimum, maximum controlled by 
counter or system. Weight 64 Ibs. 


CMC engineering representatives are located in 
principal cities. For complete information on this 
all-new instrument, phone your nearby represen- 
tative or write directly to Dept. 086, 


Computer-Measurements 


Company A Division of Pacific Industries, Inc. 


5528 Vineland Avenue, North Hollywood, Calif. 
. Phone STanley 7-0401 * TWX: N HOL 8290 


BLE 
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NOW select from the industry’s 
GERMANIUM and SILICON 
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Great things are happening | 


in AutroniC® Control 


NEW 
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translates analog signal to 
digital code for telemetering, 
direct data reduction 


With electronic null-balance accu- 
racy, Swartwout's new Indicating-Digi- 
tizer directly converts transmitted data 
on any process variable into a digital 
code suitable for computation, tele- 
metering, data logging or preparation 
of punched cards and tape. It indi- 
cates the variable, too, and may be 
operated in parallel with recorders 
and controllers. 

Operating on the standard 0-0.5V 
AC AutroniC signal, the Digitizer 
employs a differential-transformer 
feedback circuit for high-accuracy indi- 
cation and encoding. Optional, built-in 
alarm switches provide for wide-range 
high/low alarm signals. 

The entire instrument is packaged 
in a panel-mounting case that fits into 
a standard five-inch-square cutout. 
Calibration adjustments are readily 
accessible; the entire unit is of plug-in 
type construction for easy servicing. 

Totally new, but thoroughly tried 
and tested, the Swartwout Digitizer is 
another advance in the new industrial 
era pioneered by Swartwout with fully 
electronic AutroniC Process Control. 

For details on the Indicator-Digi- 
tizer, request Specification Sheet A-806. 
The Swartwout Co., 18511 Euclid 
Avenue, Cleveland 12, Ohio. 


. +» world leader in electronic 
process instrumentation 


S.A. 1966 
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The sky’s the limit 


Giant steps have been taken in applying solid-state devices 
in control systems, but questions still remain: Has maximum 
use been made of these devices? And what’s the potential 
for the future? With these questions in mind, CtE editors 
Ed Kompass and Lew Young attended the recent Solid State 
Circuits Conference at the University of Pennsylvania. They 
listened to all the papers, and questioned many of the con- 
ferees. One of their conclusions: the transistor is much more 
than just a high-reliability replacement for the vacuum tube. 
For a complete rundown on the future of solid-state circuitry 
from the particularly broad viewpoint of a control engineer, 
see the special interpretive report on page 105. 


Experience speaks with authority 


And few can speak on ac machines with the authority of 
C. S. Siskind, who has spent most of his professional life 
working and teaching in the fields of 
electrical control systems and rotating 
electrical machinery (for his latest spoken 
word, see “Ac Motors for Adjustable 
Speed Systems,” page 83). After doing 
undergraduate work at Carnegie Tech, 

Wisconsin, and Purdue, Professor Sis- 
kind spent many years in industry, engi- 
necring electrical power equipment, 
before returning to the academic life as 
associate professor of EE at Purdue. He’s 
now on a leave of absence with the EC&M Div., Square D Co, 
Professor Siskind is also the author of eight books on electrical 


circuit theory, theory and design of electrical equipment, and 
control systems. 


Unperforated forms for bound volumes? 


Since we started perforating, we’ve heard from many readers 
(particularly librarians) requesting unperforated forms, or 
unperforated copies, for binding purposes. Feedback this 
month (see page 10) carries several letters on this subject, 
including some suggestions for pleasing everybody. Let’s hear 


from anyone else who is interested in unperforated bound 
volumes. 


A look at next month 


To be covered in the July feature section: a simple way 
to set up system analogs; a brand-new power-switching phe- 
nomenon; characteristics of electrically-signaled valve actua- 
tors; putting electronic data processing to work; alarm 
annunciators, how they work and what’s available; and more. 





MOORE PRODUCTS CO. 
Pisinpidrntonig ptm sty sin Moore Products Co., Philadelphia 24, Pa. 
HOUSTON, LOS ANGELES, LOUISVILLE, NEW Please send me the latest edition of Bulletin 3302 
ORLEANS, NEW YORK, PHILADELPHIA, PITTSBURGH on NULLMATIC Thermometers. 
Moore Instrument Co., Ltd.: TORONTO 
Also manufactured in England, Germany and France | _—_ 
COMPANY 
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application. Here are some of the 
new AWA devices now available 
to industry. 


| U.H.F. 
</ WIDEBAND 
RECEIVER 


Basic arrangement con- 

sists of R.F. amplifier, mixer, local 

i oscillator, I.F. amplifier (A.G.C. 
“ controlled), cathode follower output 
stage. Tuning indicator (EM 34) is 
also fitted to receiver. The standard 
forms: one for airborne racking 
with specia! separate power supply 
unit, the other on larger chassis in- 
cluding power supply unit (conven- 
tional 19” front panel). Standard 
specification: 420-470 M|/cs frequency 
range; 4 Mics overall bandwidth, 
approximately 10 db noise factor; 
approximately 70 ohms input im- 
pedance, 200-250 V and 50-60 c/s 
input supply. Input is unbalanced, 
— is via low impedance (cathode 
follower) stage. 


DIRECTIONAL COUPLER 


Of the ‘Loop’ type, suitable for 
measurements of RF power and 
Standing Wave Ratio in coaxial 
cables. Directional sag tee are 
largely unaffected by frequency 
changes, so coupler may be used to 
— obtain optimum termination of 
a 52 ohm coaxial system up to 
600 Mics. Standard specification: 
Size 7” x 4° x 24°; weighs 4 Ibs. 3 
ozs.; Power Measurement Range is 
Low range lw.cw.max. High range 
Sw.cw.max.; less than 1% attenua- 
tion; better than 2% accuracy at 
Srequency of calibration. 


All devices are adaptable to suit customers’ own 
requirements. For further information consult : 


COMMERCIAL ELECTRONICS DEPT. 


SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LTD. 
Baginton, Coventry, England 
MEMBER OF THE HAWKER SIDDELEY GROUP 
CIRCLE 10 ON READER-SERVICE CARD 
10 CONTROL 





FEEDBACK 





Perforations plus 
To tHE Eprror— 


The reader service card is indeed an 
excellent feature, as is the new idea 
of perforating the pages of your articles 
for tear-out. On the latter point, I 
would suggest that you go one step 
further pe intersperse advertisements 
between the articles so that the final 
page of one feature does not have on 
its back the first page of another. 

Clipping of information from tech- 
nical publications has beén greatly 
simplihed by your approach to the 
problem. Keep it up. 

O. S. Scudamore 
Electric Reduction Co. 
Toronto, Ontario, Canada 


Requests special handling 


To tHe Eprror— 

We have noted your editorial in 
which you state your intention to 
perforate the entire feature section of 
Conrrot Encineerinc. No doubt 
you realize that this will make it im- 
possible to bind the volume. Would 
it be possible to leave some copies 
unperforated for library subscriptions? 

Mrs. Lillian V. Cottony 
Periodicals Librarian 

U. S. Dept. of Commerce 
Boulder Labs, Colo. 


A plea for the “lost generations” 


To THe Eprror— 

We deplore the use of perforated 
pages in magazines, for it largely de- 
stroys their value for the engineer or 
researcher who needs other than cur- 
rent information. This is a frequent 
and important need, not only for in- 
dustrial purposes, but for national 
security. 

We note that pages of Conrroi 
ENGINEERING have been perforated 
close to the edge of the text, not al- 
lowing the three-fourths inch mini- 
mum of solid paper required for satis- 
factory binding. Many magazines with 
unperforated pages in this library have 
pages which have come loose because 
of the hard and long use made of 
them. With perforated pages the 
life-span will be short, indeed—so 
short it is probably not worth the cost 
to bind them. Pages are sometimes 
torn out of bound volumes—with 
perforations it may become frequent. 
Microfilm copies are acceptable for 
little used material, but not for the 
active use made of your publication 
in this and many other libraries. 


Would it be possible for you to 
issue an unperforated library edition? 
Have you any practical suggestion as 
to how to preserve working copies of 
the perforated issues already pub- 
lished, which may well become the 
“lost generation” of your magazine? 

Ralph H. Phelps, 
Director, 

Engineering Societies Libra 
New York, N. Y. 


Binds his own copies 


To tHe Eprror— 
Please don’t perforate pages; I bind 
my copies. 
Eric A. Weiss 
Sun Oil 
Newtowne Square, Pa. 


And so does D. C. Little of White 
Sands Proving Grounds, N. M., who 
has suggested that we set aside un- 
perforated forms (made up of 16 or 
32 uncut and unbound pages), bind 
them at the end of the year, and offer 
bound volumes for sale. 

How many subscribers would be 
interested in such a service? Explora- 
tory studies with the printer indicate 
that we might be able to furnish un- 
perforated d volumes (all issues 
of one year) for between $25 and $50 
each. Price, as well as the sort of 
printed page that we would furnish, 
would depend on the number of 
bound volumes desired. We can fur- 
nish them in one of three ways: by 
hand-folding and hand-trimming 
forms set aside during the year, if the 
number desired is less than 100; by 
photo-offset reprinting, if black-and- 
white pages will do; by binding per- 
forated pages, in which case the 
“gutter” between printed pages is 
very narrow. 

Tell us how badly you want bound 
volumes with hard covers. We'll do 
the rest. Ed. 


Information please—addresses 
To THE Eprror— 


As a numerical controls specialist I 
was particularly interested in Euro- 
pean Editor Barlow's report entitled 
“Swiss Controls”, page 40 of the 
February ’59 issue. Could you tell me 
more specifically the addresses of the 
two main Swiss interests in numerical 
controls, Societe Genevoise d’Instru- 
ments de Physique and Contraves 
A. G. of Zurich. 

I am interested in obtaining more 
information on these numerical con- 





_ SOLID BOTH WAYS 


VOLTAGE-10 - DIGITAL Was +)  DIGITAL-T0-VOLTAGE 


MULTIVERTER with compatible MULTIPLEXER 
and SAMPLE & HOLD—Completely Transistorized 


Increasing speed, accuracy and reliability requirements 
of digitalzzanalog conversion led Packard Bell Com- 
puter to develop the MULTIVERTER, the first com- 
pletely solid state high speed (4 microseconds per bit ) 
conversion system accurate to .01%—and the only con- 
version system with compatible solid state Multiplexer 


and Sample and Hold. 


SELF-POWERED DIGITAL-TO-ANALOG CONVERTER 


Among the several available 
MULTIVERTER Models 

is a self-powered Digital- 
to-Analog Converter with 
accuracies up to .01% and ~ i 4 


speeds of less than one microsecond. 


PACKARD BELL COMPUTER CORP. 


A subsidiary of Packard Bell Electronics 


1906 S. Armacost Ave. + Los Angeles 26, California 
GR 68-4247 
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Sales-Engineering Offices: COMPTON, CAL., VALLEY STREAM, L l., 
TORONTO, ONT. (George Kelk Ltd.), MITCHAM, SURREY, ENGLAND (Bryans Aeroquipment Ltd.) 


The NEW Series BH100 









DIGITAL , 
READOUT 





ACCURACY 
0.1% 


THE INSTRUMENT 
with the 
TAPE-SLIDEWIRE 


for 
FLOW - PRESSURE 


<9) LEVEL- TEMPERATURE 


’ efc. 


SMALL SIZE — This compact, 
transistorized, servo-driven in- 
strument measures only 3 x 5 
a 54,". 





ALL INCLUSIVE —With Zener 
reference, power supply, am- 
plifier, servo motor, 144” tape- 
slidewire. 






TAPE-SLIDEWIRE — Mounted 
on side-by-side spools, slide- 
wire is embedded in edge of 
tape, punched for sprocket 
drive. 


} Every scale division is 
a calibrated point. 


9 100 calibrated points 
per foot of slidewire length. 


* Slidewires 
up to 12 feet long. 





PRINTED READOUT—Colibra- 
tion printed on tape available 
to measure steady-state condi- 
tions or where input deviates 
more than 13%. 


LINEAR, PARABOLIC, LOGARITHMIC 
FUNCTIONS ARE DISPLAYED IN DIRECT 
DIGITAL RELATION 


Full information is, available for the asking! 


B&H INSTRUMENT 
Cco., INC. 


3479 West Vickery Blvd. *' Fort Worth 7, Texas 


bit 


N. Y., DAYTON, OHIO 
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FEEDBACK 


trol systems, especially the Contraves 

system and what you refer to as “Con- 

traves’ computing condensor as a 
position takeoff device”. 

C. W. Hargens 

The Franklin Institute 

Philadelphia, Pa 


The names and addresses are: 
Societe Genevoise d’Instruments 
de Physique 

8, Rue des Vieux-Grenadiers 

Geneva 

Switzerland 

Contact Mr. Turrettini 

Contraves AG 

Schaffhauserstrasse, 580 

Zurich, 52 

Switzerland 

Contact Mr. W. F. Hay 

Descriptions of both systems are 
planned for publication in Control 
Engineering. Ed. 


Information please—chart paper 
To THE Eprror— 

The type of paper we are presently 
acquainted with is that used on the 
Elmos 10 recorder, a Swiss product. 
The paper comes in rolls about 80 ft 
long. Standard speed of paper-advanc- 
ing mechanism is 20 mm per hour, 
other speeds of 10, 40, 60, 80, and 
120 mm per hour are possible. 

We would like to know whether 
U.S. manufacturers, such as GE, 
Westinghouse, Easterline-Angus, etc., 
use a standard precut roll, in different 
widths, that would fit any U.S.-made 
recorder. We are not interested in 
what is printed on these rolls; merely 
the sizes and perforation design. 
Chances are that each uses his own 
width and design of perforation holes. 
Also of interest are the speeds at 
which the paper advances; for in- 
stance, 1 in. per hour. What is con- 
sidered the standard speed, and what 
is the next likely speed used? 

Harry E. Bechtel 
The Bechtel Co. 
Tenafly, N. J. 


Instruments for operational plant 
work call for chart speeds of 3 or 4 
in./hour, but test work with industrial 
instruments involves chart speeds of 
inches per min, There are no U.S. 
standards of widths or lengths of strip- 
chart paper rolls, of chart speeds, or of 
the shape and location of drive- 
sprocket perforations. Each manufac- 
turer has his own set of standards, 
which his literature lists. 

Replacement chart paper may be 
purchased from the original manufac- 





advanced... 
Thrust Vecto 


Consult Moog for 
assistance in solving 


hydraulic system problems 





/ 
| Systems 


Moog's integrated hydraulic servosystems are 

lightweight and compact packages which include auxiliary 
power units and electrohydraulic servoactuators. The 

unit above was designed to position ICBM rocket engine 
nozzles for thrust vector control. A unique mechanical 
feedback arrangement within the servoactuator eliminates 
the need for electronic feedback elements. Moog's 
integral system design provides complete servocontrol 
packages for reliable, high performance operation. 


MOOG SERVOCONTROLS, INC. PRONER AIRPORT, EAST AURORA, NEW YORK 


LEADING INNOVATOR AND PRODUCER OF ELECTROHYDRAULIC SERVOVALVES 
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NEW WESTINGHOUSE 
BISTABLE AMPLIFIER 


Ultra-Sensitive On-Off Static Amplifier 


BISTABLE AMPLIFIER combines magnetic and transistor circuitry for 
an input sensitivity of 5 x 10° watts a-c or d-c. The output power is 6 
watts at 24 volts d-c. This output is sufficient to drive auxiliary relays or 
static power amplifiers. 

For current-control problems or voltage regulation, check these 
Bistable features: 


® No tubes. . . no moving parts ... ® A-C or d-c input signals 
no maintenance © Fast response . . . 20 milliseconds 
© Exceptional sensitivity, ® Economical . . . less expensive than 
5 x 10° watts relays 


® Multiple control windings ® Military versions available 


GET ALL THE FACTS: Write Westinghouse Electric Corporation, Direc- 
tor Systems Department, 356 Collins Avenue, Pittsburgh 6, Pennsylvania. 
Complete information on the new Westinghouse Bistable will be sent to 


you by return mail. J-01009 


vou caw 86 SURE...1F irs Westinghouse 


WATCH “WESTINGHOUSE LUCILLE BALL-DES!I ARNAZ SHOWS” 
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FEEDBACK 


turer of the instrument or from com- 
panies such as the following, which 
will print strip-chart paper to your 
specifications: 

Gubelman Charts, Inc., 100-108 
East Kinney St., Newark 5, N. J.; 
Technical Sales Corp., 16599 Meyers 
Rd., Detroit 35, Mich.; Alfax Paper & 
Engineering Co., Washington St., 
Westboro, Mass.; Alleghany Plastics, 
Rt. 51-Thorm Run Rd., Coraopolis, 
Pa.; American Recording Chart Co., 
3113 East llth St., Los Angeles 23, 
Calif. 

Also, Judson Bigelow Co., 171 
Spring St., New York 12, N. Y.; Edin 
Co., 207 Main St., Worcester 8, Mass.; 
Claude S. Gordon Co., 3000 South 
Wallace St., Chicago, Ill.; Gorrell & 
Gorrtell Co., 336 Old Hook Rd., West- 
wood, N. J.; Precision Recording 
Chart Co., 2430 Linden Ave., Linden, 
N. J., and Thwing-Albert Co., 5323 
Puleski Ave., Philadelphia 44, Pa. 


Pneumatic computing gets hot 


To tHe Eprror— 

I would be very much interested in 
obtaining a copy of a Russian tech- 
nical article which was described in 
the current issue of Conrrot Enc1- 
NEERING magazine. The article ap- 
peared in the Russian journal, “Avto- 
matika i Telemekhanika”, Vol. 19, 
No. 11, 1958, pp. 997-1,009. It was 
translated and abstracted by Peter N. 
Budzilovich. Its title is: “Universal 
Pneumatic Multiplication - Division 
Unit and a Device for Automatic 
Square-Rooting”’. 

W. F. Marscher 

Small Aircraft Engine Dept., 
General Electric Co., 

West Lynn, Mass. 


Letters from Philadelphia, Wash- 
ington, and points west ask for the 
same. We can suggest three alterna- 
tives for meeting the demand: 

1. Obtain a copy of the translation 
of the November ’58 issue of “Auto- 
matics & ‘Telemechanics”, available 
in June at $4 from the Instrument 
Society of America, 313 Sixth Ave., 
Pittsburgh 22, Pa. 

2. Contact our abstractor, Peter 
Budzilovich, 230 Mount Vernon P1., 
Newark 6, N. J., for a quotation on a 
full translation. 

3. We can fumish photostated 
copies of the original article, in Rus- 
sian. 

The topic of pneumatic and hy- 
draulic analog and digital computing 
devices looms as an important one. 
Because of this, we have arranged for 
signed articles to cover the topic. Ed. 





METERED 


for every work bench 


STL 


% Indicate the exact amount of load voltage and either 
load current** or power! drawn. 


% Ideal for measuring power consumption. 


% Provide a convenient means for determining the effects 

of reduced or increased line voltage on a-c operated 
equipment; for example, cutoff points of voltage-regula- 
tor circuits are readily determined. 
Useful for tracking down circuit troubles that are in- 
termittent with normal line voltage, but which can be 
made to occur more frequently or fail altogether at 
either low or high line-voltage. 


- Type WS5MT3A** Metered Variac, $85 
. reads load volts and amperes 


The new General Radio Metered Variac® autotransformers 
are everyday tools needed in laboratory test setups and engi- 
neering work areas. These continuously adjustable a-c sup- 
plies are available in two types. Each model consists of a WS 
Variac with Duratrak* brush contact surface, a current trans- 
former, the necessary switches, a voltmeter, and either an 
ammeter (W5MT3A) or a wattmeter (WSMT3W),. 


Output voltagé range is from 0 to 135 volts. Dual ranges are 
provided for maximum accuracy: 0-1 and 0-5 amperes for the 
volt-ammeter; and 0-150 and 0-750 watts for the volt-watt- 
meter. Meters are magnetically shielded to yield an overall ac- 
curacy of 3% despite the Variac’s stray field. A double-pole 
off-on switch disconnects the instrument from both sides of 
the line. The output circuit has two fuses mounted on the 
front panel to protect both the Variac and its meters from 
overload. 


4 type WSMT3W! Metered Variac, $110 : 
. reads load volts and watts Write For Complete Information 


GENERAL RADIO COMPANY 


WEST CONCORD, MASSACHUSETTS 


*Patent Applied For 





NEW YORK AREA CHICAGO PHILADELPHIA WASHINGTON, D.C. SAN FRANCISCO LOS ANGELES IN CANADA 

Brood Ave. atlinden 6605 W. North Ave. 1150 York Rd. 8055 Thirteenth St. 1182 Los Altos Ave. 1000 N. Seword SI. 99 Floral Pkwy. 
Ridgefield, N. J. Ook Pork ill. Abington, Pa. Silver Spring, Md. Los Altos, Col. Los Angeles 38, Cal. Toronto 15, Ontario 

N. Y. WOrth 4-2722 Village 8-9400 HAncock 4:7419 WUniper 5-1088 — WHitecliff 8-8233 HOllywood 9-620! CHerry 6-2171 
N. J. WHitney 3-3140 
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WHATEVER your re- 
quirements in Transis- 
tors and Silicon Recti- 
fiers...industrial, mili- 
tary, computer, enter- 
tainment...check first 
with your local RCA 
Semiconductor Distrib- 
utor. His main objective 
is to offer superior-qual- 
ity products and out- 
standing service—fast! 


CONTROL ENGINEERING 


FOR “ONE-STOP” SERVICE, 
FAST LOCAL DELIVERY 
CHECK YOUR 


RCA SEMICONDUCTOR DISTRIBUTOR 


Your local RCA Semiconductor Distributor can offer all of these services: 
e A comprehensive line of superior-quality RCA Transistors 
and Silicon Rectifiers. 


e RCA Semiconductors for special projects or preproduction-run 
requirements from local stock—at factory prices. 

e Prompt delivery of the latest RCA types for your evaluation. 

e Orders filled from factory-fresh stock. 

e Up-to-date practical product information. 

e Valuable RCA technical assistance when it is needed. 

e “One-stop” service on your orders. 

e Specialists who understand your problems and your electronic needs. 


RADIO CORPORATION OF AMERICA 


Semiconductor Products - Distributor Sales 
Harrison, New Jersey 





R. B. Sims 


A CONTROL PERSONALITY 





serves the steel man’s god 


To Britain’s steel industry, Dr. Roy B. Sims is 
something extra special: a control engineer who has 
defied tradition at Davy-United, Britain’s largest 
steel mill equipment producers, by becoming its 
chief engineer (all other Davy chiefs have been mill 
designers). He’s an advocate of team engineering 
in a country where the insistence on individual de- 
sign is almost a religion. He’s a practical man who 
can understand the vagaries of control system theory 
while insisting on “building instruments like the 
steel mills; there’s no place for flimsy electronic 
boxes here”. And he has endeared himself to steel 
production men by impressing on his staff—a 20-man 
team covering all aspects of steel, from layout to op- 
erational research—that “the steel industry has only 
one god which it must serve—production!” 

A recognition of Steel’s single objective has played 
a key role in Sims’ success. Under his direction have 
come the first automatic gage control on a produc- 
tion mill, gamma ray thickness gages, width gages 
and load cells to boost on-spec output, and an auto- 
matic strip coiler to speed a time-consuming chore. 
More about this coiler below. 

Sims’ rise to a respected position in the steel in- 
dustry was short but circuitous. He graduated from 
London University in 1939 (major: mathematics 
and physics) just in time to be swept into the Royal 
Air Force by the outbreak of World War II. Peace, 
seven years later, found him dishing out weather 
forecasts in Burma for the Southeastern Asian Com- 
mand. Then came some postwar detours. Con- 
vinced that weather-forecasting and an ulcer-free life 
would never go together, Sims accepted a scientific 
advisory board’s recommendation and switched to 
mechanical engineering. 

After slogging for two years through an apprentice- 
ship in the boiler room at bakery equipment supplier 
Baker Perkins, he was promoted to the Research 
Dept. and introduced to contro] problems. His first: 
to regulate biscuit baking. Sims’ solution was a 
full-dress one. He devised a system of dimensionless 
equations and dummy loadings of ovens, brought 
them to the point where they were ready to be trans- 
lated into hardware. The company’s flat turndown 
of the approach—because it would raise the cost of 
control equipment 10 percent—disillusioned Sims 
with the unenlightened baking industry. 

Answering a help-wanted advertisement, Sims 
found himself hired by the British Iron & Steel Re- 
search Association, placed in charge of the rolling 


mill section—even though he had never seen a roll- 
ing mill before. At BISRA, there was plenty of 
chance for challenging projects. For example, eight 
months after he joined the research association, he 
was asked to find a method of holding gage thickness 
constant. Unfettered by traditional steel-industry 
thinking, he came up with a brand new approach: 
use, as the controlling variable, the force exerted 
on the rollers by the strip passing through the mill. 
Such a technique reduced transport velocity lags, 
led Sims into load-<ell designs requiring accuracies 
of 0.1 percent. To back up his method, Sims studied 
both hot and cold rolling theory, made his studies 
pay off in a PhD degree. 

Preliminary experiments at BISRA proved Sims’ 
approach, but because resources there were limited, 
Sims, an advocate of team design, moved with his 
staff to Davy-United in 1952. Three years later the 
group put the first automatic gage control installa- 
tion on a production mill. It took an additional 
five months to trouble-shoot all the bugs in the 
on/off control system, which suffered severe upsets 
when deformation of the mill itself varied the loop 
gain by a factor of 10. 

Once technical problems were solved, Davy- 
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‘ELECTRICAL 
STANDARDIZATION 

«OF 
TRANSDUCERS 
After three of opera- 
tion on et test stands 
and months of 


to the missile airborne in- 
strument calibration 


Briefly, it is an electrical 











sensitivity 
| 5 Free interchangeability 
\ 


technique whereby any 
number of Statham un- 


aren a accuracy. 
ollowing benefits are 
obtained: 


1 Immediate access to 
meaningful data after 


test. 

2 Elimination of calibra- 
tion curves. 

8 Fast, complete system 
electrical calibration 


4 Easy transducer system 
checks. 


of transducers from a 
pre-calibrated stock. 

For full details write for 
Data File CE-754-1. 
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SIMS... 
Production’s the Key 


United sent Sims to the steel industry 
to sell his new control. His salesman- 
ship was almost as good as his control 
engineering. Dominion Foundry & 
Steel Co. bought a mill, and shortly 
thereafter, Canadian Westinghouse 
signed to license the control in Can- 
ada; soon afterward, General Electric 
licensed it in the United States (GE 
is now building the first hot mill auto- 
gaging plant for the Columbia-Geneva 
Div. of U. S. Steel). 

Back in England, Sims reapplied 
himself to boosting productivity in 
steel. His instrument team turned 
out gamma ray thickness gages, width 
gages, and load cells, built up annual 
sales to over $1 million in_ three 
years. As a result of his fine leadership, 
Sims was promoted from research man- 
ager to chief engineer. 

He has since applied himself to 
such projects as developing automatic 
strip coilers (in which the coiler se- 
quence is controlled by variations of 
the mill drive motor currents), press- 
positioning systems, and automatic 
manipulators for the blooming mill. 

Since joining the steel industry, 
Sims has published 40 technical pa- 
pers. He continually needles his 
staff to write. “An idea in a person’s 
mind,” he says, “is useless if he isn’t 
there. And besides, writing disci- 
plines you to think concisely.” 

Sims’ biggest contribution to British 
technology may well be his insistence 
on team design. He has forced his 
associates to take advantage of the 
capabilities and know-how of each 
other, a rare phenomenon in the in- 
dividualistic-minded British technical 
world. His efforts have paid off in im- 
portant new instrumentation, coopera- 
tively designed. A typical item: 
telecentric section profile measuring 
system which, by means of optics, re- 
cords uniform image heights of objects 
located at different distances from the 
lens. With a television link, Sims 
hopes to provide continuous profile 
monitoring on section steel as it is 
rolled. 

Says Sims, “In the United States, 
nobody would even think of look- 
ing for the one man who designed 
the Atlas ICBM. There is no one 
designer. But if Atlas had been con- 
ceived in Britain, there would have 
been one man who had worked out 
every detail of the missile. Of course, 
it might have taken him 100 years to 
do it.” The techniques of team engi- 
neering have enabled Sims to speed 
up British development in steel-mill 
control, and to get these new ideas 
into the hands of production men 
faster. 





Instrument 
parts 

and 
packages... 


by 
Bulova 





Men, machines and know-how —this is the make-up of Bulova’s instrument manu- 
facturing group. A completely separate facility employing manufacturing engineers, 
quality control teams, production, assembly and test personnel, standard machine 
tools, custom and Bulova-built equipment. 


These special skills and facilities, working in close-knit unison, promise delivery 

of reliable products crafted to customer specifications and budgets... whether U ag @) V A 
individual parts or complete packages. 

Experience in precision design and precision manufacture is the Bulova tradition, 

the Bulova capability. It has been for over 80 years. For more information write — 


Industrial & Defense Sales, Bulova, 62-10 Woodside Ave., Woodside 77, N.Y. 
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Automation cut its teeth on the 


... how ITT’s early work in telephony advanced 





telephone 


the art of automation The dial telephone exchange was one of the first 
examples! Today, automatic switching and new 
electronic techniques for automation are altering the 
operations of virtually every business and industry. 

It was natural that ITT System companies, 
pioneers in the first, should be leaders in the second. 

Customers have ranged from mail-order houses, 
railroads, libraries and oil companies to the air 
forces of several NATO governments. 

There have been dramatic results. 

One example is the automatic check-processing 
system developed by ITT System companies for one 
of the nation’s largest banks. It codes, sorts and 
verifies checks. It performs all normal bookkeeping 
and accounting operations for demand deposits. 

Another is the automation system for a large steel 
mill which records the program of requirements for 
every job, then feeds back information to produc- 
tion control centers as each phase is completed. 

Still another: the first automatic U. S. post office, 
now under construction in Providence, Rhode Island. 

Hundreds of others could be cited. Each required 
a complete understanding of automation from the 
design of a simple switch to the functioning of a 
fully-integrated electronic complex. 

The ITT System has many specialists in this field. 
Among them: Intelex Systems Incorporated in re- 
tained-document automation; Kellogg Switchboard 
and Supply Company in automatic switching; Air- 
matic Systems Corporation in automatic-switch 
pneumatic tube and document-conveyor systems; 
ITT Federal Division in automatic test equipment, 
both military and industrial. ITT’s European sub- 
sidiaries add to this experience. 

To learn more about ITT’s abilities in the area of 
automation, write for further information. 


... the largest American-owned world-wide electronic 
and telecommunication enterprise, with 101 research 
and manufacturing units, 14 operating companies 
and 130,000 employees. 


INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 67 Groad Street, New York 4,N.¥Y. 


ITT COMPONENTS DIVISION + ITT FEDERAL DIVISION * ITT INDUSTRIAL PRODUCTS DIVISION + ITT LABORATORIES + INTELEX SYSTEMS INCORPORATED 

AIRMATIC SYSTEMS CORPORATION + KELLOGG SWITCHBOARD AND SUPPLY COMPANY + ROYAL ELECTRIC CORPORATION + AMERICAN CABLE & RADIO 

CORPORATION * FEDERAL ELECTRIC CORPORATION + ITT COMMUNICATION SYSTEMS, INC. + INTERNATIONAL ELECTRIC CORPORATION + INTERNATIONAL 
STANDARD ELECTRIC CORPORATION * LABORATORIES AND MANUFACTURING PLANTS IN 20 FREE-WORLD COUNTRIES 
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Solartron equipment eliminates old fashioned methods of 
analysis and production testing. Solartron Transfer Function 
Analyzer Mark IL enables direct determination of the phase 
and amplitude characteristics of electrical, mechanical, hy- 
draulic and pneumatic systems. With the addition of the 
T.F.A. Reference Resolver you get simultaneous identical 
phase shift to each phase of a 4-phase reference signal... 
Continuously variable from 0-360° in one degree steps. 

Systems Engineer, Mr. Thomas R. Welch of Hughes Aircraft Co., Culver 


City, California, using the VP.253.2 and OS.103.2 to measure the frequency 
response of antenna servo loops. (Courtesy, Hughes Aircraft Co.) 


TRANSFER FUNCTION ANALYZER MARK IL T.F.A. REFERENCE RESOLVER JX 746 


T.F.A. MARK II Specifications: vital Be 
Frequency range: 0.1 c/s—1 Kc/s 


€ é~ 
u 7 -# ve ~ ' 
Signal Sensitivity: 50 mV-150V f.s.d. \ : > 
Signal input impedance: 10 megohms () IL /\ ROU 
SS SOLART jING, 
/ a a. \ 
T.F.A. REFERENCE RESOLVER JX746 Specifications: \ ay P j 


Input: 4-phase, 10V r.m.s. per phase E -< a 
Output: 4-phase, 10V or (5OV r.m.s.) per phase from 0-360 degrees 10761 Burbank Blvd., | EASTERN DIVISION: 


‘ 


~ 
pre ts © 


~ 


w.r.t. the input reference, 7 mA r.m.s./phase 4 a 
Phasing accuracy: + 1 degree No. Hollywood, Calif. 530-32 Cooper St. 


Qutput impedance: Less than 1 ohm per phase phone STanley 7-5081 Camden 2, New Jersey 
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Control orders to 
compressor stations, 
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flow 
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Seasonal orifice data and 
multiplying constants 


WHAT’S new | 
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How computer-directed 
dispatching system will work. 


Computer-Logger 


Eases Gas 


Dispatching Job 





LIBRATROL 500 





input/output 
tracks 











NEBRASKA 


A Cheyenne 


First computer-logger in gas distribution will 
start working in the autumn, will pay for itself 
by increasing the capacity of the labor force. 
Biggest benefit is its capability to save dis- 
patching time. 


ARIZONA 








Territory serviced by gas dispatching system 


DENVER— four subsidiary companies, all of to the dispatcher the quantities of gas 


First digital computer-logger to be 
used in the distribution of natural gas 
has been ordered by Public Service 
Co. of Colorado. The machine, a 
Libratrol 500, will substantially re- 
duce the computing chores "i the 
dispatching staff, will help human dis- 
patchers maintain better control of 
the company’s system and that of 


which are controlled from Denver 
(see diagram above). The computer- 
logging system, sold and marketed by 
GPE Controls, was designed and man- 
ufactured by Librascope, a sister com- 
pany of GPE Controls. 

Major job of the Libratrol 500 will 
be to compute gas flow demand exist- 
ing at 15 metering stations, reporting 


being used. With this information 
the system dispatcher can then better 
control sources of supply of gas and 
keep an eye on consumer demand 
peaks as they develop. 

To do its job, the computer 
will periodically scan 55 telemetered 
flow variables from stations scattered 
throughout Colorado—each station will 
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Install 


MUIRHEAD 
Synchros! 


Types include Control Transmitters, 

Control Differential Transmitters, 

Control Transformers, Torque Transmitters, 
Torque Differential Transmitters and Receivers, 
Resolvers, Linvars, Servomotors, 

Motor Tachometers and Tachometer Generators. 
Where military specifications exist, Muirhead 
synchros can be supplied satisfying 

Ministry of Supply, Bureau of Ordnance or 
N.A.T.O. requirements. 


every Synchro function 


A concise index to all the types 
manufactured is available in the 
Muirhead Synchro Broad Sheet, 
which will be forwarded on 
request. Detailed information on 
individual types is also available. 


MUIRHEAD INSTRUMENTS INC: 441 LEXINGTON AVE-N.Y.17-U.S.A. 
MUIRHEAD INSTRUMENTS LTD - STRATFORD - ONTARIO - CANADA 
MUIRHEAD & CO. LIMITED - BECKENHAM - KENT - ENGLAND 
CIRCLE 20 ON READER-SERVICE CARD 
CONTROL ENGINEERING 





| WHAT’S NEW 


send in static pressure, differential 
pressures, and temperature readings— 
then compute gas flows and loads, and 
log the totals on an hourly basis. 

¢ Economic justification—The com- 
puter-logger will quickly justify itself, 
mainly by keeping down the number 
of dispatchers for the utility’s expand- 
ing territory. PSC would probably 
have had to hire three more dispatch- 
ers in the very near future to handle 
next winter’s work load, if the com- 
puter had not been purchased. 

In cold weather, when gas consump- 
tion is high, a dispatcher spends 40 
to 45 min out of every hour determin- 
ing gas loads and flows using tables 
and a desk calculator. He has to read 
the 55 variables every hour, as a re- 
sult has little time for analyzing what 
is happening to the system, for study- 
ing weather conditions that might 
affect the consumption of gas, or for 
determining whether to add more 
pumping horsepower or cut off pump- 
ing power. The computer will do the 
sampling and arithmetic part of this 
job in 74 min, leaving the dispatching 
staff lots of time to make opcrating 
decisions. 

¢ Compatibility — Public Service 
asked GPE Controls to design a com- 
puter-logger system that would be 
compatible with its existing facilities. 
Since the required data is already being 
sent into the utility's Denver head- 
quarters, it will be necessary only to 
modify receivers in the dispatch office 
to generate a signal compatible with 
the computer. 

The utility's telemetry system is a 
Bristol Time Impulse Metameter sys- 
tem, operating on a_ low-frequency 
pulse duration principle and recording 
on a 12-in. circular chart. To make 
the system compatible with the com- 
puter, GPE will mount retransmitting 
pots in the Bristol recorders. The 
wiper of the pot, geared to the pen- 
positioning arm, will generate the sig- 
nal. Inside the Libratrol 500, the flow 
variables will be converted to binary 
vode via a voltage-analog converter. 

The computer will determine flow 
by solving the equation: 


Q = CF, (hP/T)* 


where Q equals flow in scfh 

F, equals gas temperature factor 

h equals differential pressure in 

in. of water 

C equals seasonal orifice flow con- 
stant 

P 

T 


equals static pressure in psia 
equals temperature in degrees 
Rankine 


To obtain the (h)* term, readings 
are taken of h at 6-min intervals during 
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250 MW Package... 


Fast Switching and General Purpose Types 
Featuring... 


TECHNICAL DATA 


Ma: Forward Current | Max. Inverse Current 
ve @ Spe | 


Type = ~ ci ‘ " Test 

oltage Voltage @ 25°C @ 150°C Volts 
MECHANICAL RELIABILITY ——— Rugged, hermetically sealed, 
subminiature packages. Designed to meet both military and 1N457 60V | 20ma@1.0V 0.025 ya 5.0 wa 60 V 
commercial requirements. | 


ELECTRICAL SUPERIORITY —=— Encollont high temperature | NE | 125" | me@ lev potsey §=—SOne eS 


operation . . . thermally stable . . . high forward conductance | 
giidaés counaaeaa. 1N459 175V 3ma@1.0V 0.025 ua 5.0 wa 175V 
PRODUCT UNIFORMITY — Tight manufacturing controls. Uaeas | OY | SO Lee | Ot FC te e's BY 
1N663 | 90V [100ma@1.0V | 5.0ua 50 ua(@ 100° C)| 75V 

For details, write for Bulletin B217A-1 B217A-2 i i 
IN778 | 100V | 10ma@1.0V | 0.5 ya (30 wa (@ 125° C) 100V 


> 


1N779 | 175V | 10ma@1.0V (05a 30 ~a(@ 125° C) 175V 


Cleveland Graphite Bronze * Brush Instruments 
Clevite Electronic Components * Clevite Harris Products 
Clevite Lid. * Clevite Ordnance * Texas Division 
Clevite Research Center * Intermetall G.m.b.H. 


PP ae 





ULEVITE 


Silicon Junction Diodes Germanium Diodes Power Transistors Solder Lug Power Transistors 
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He is looking at 
the conquest of space 


The man above is studying the vi- 
bration reaction of a Union 6 PDT 
miniature relay, at the reliability 
laboratory of Convair-Astronau- 
tics, San Diego, Calif. 

Result: These Union Switch & 
Signal relays were chosen by Con- 
vair for the guidance of their 
Atlas missile, launched into orbit 
December 18, 1958. 

Extreme reliability was needed 
in the Atlas guidance system, to 
insure precise control of flight. And 
the Union relay subjected to thor- 
ough testing, answered that need. 


Part of the 6 PDT relay reli- 
ability can be laid to its small size 
and its clean, simple, rotary design 
which gives it fewer inherent prob- 
lems than other relays. In tests at 
Union Switch & Signal, it has 
proved its ability to give outstand- 
ing performance in critical dry-cir- 
cuit control applications—was ab- 
solutely solid to 2,000 C.P.S.at15G! 

The relay used in the Atlas is just 
one of a complete line of dependable 
relays designed by Union Switch & 
Signal. Write today for complete 
technical details. 


“Poneers in Push: Button Science” 
FY UNION SWITCH & SIGNAL 
>> 


DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY — 


PITTSBURGH 18, PENNSYLVANIA 
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the hour, square root extracted and 
then totaled. When the flow compu- 
tation is made on the hour, the total 
(h)* is divided by 10 to derive the 
average value of (h)*. 

A second program will accomplish 
the computations necessary to report 
total hourly flows. For each station, 
the sequence of operations includes 
checking the temperature, averaging 
the square-root values of the static 
and differential pressures for each of 
the meter runs, then calculating and 
recording the total flow for the station. 
At the end of the day, the flow will 
be set back to zero and another daily 
total started. 

¢ Digital vs. analog—One question 
that was raised in planning the instal- 
lation was: why use a digital com- 

uter? At GPE Controls, Fred 
E chneider sees three main advantages 
over an analog approach, besides the 
capability of computing hourly .gas 
demand flow rate: 

1. The large number of inputs 
makes the digital technique cheaper. 

2. The digital computer will be 
able to calculate the dynamic orifice 
factor to supply additional informa- 
tion about flow, something that would 
be prohibitive with analog techniques. 

3. The digital machine leaves room 
for future elaboration of the system, 
ie., the incorporation of other func- 
tions, such as alarm outputs or feed- 
back. 

During the 524 min the com- 
puter is off-line—not engaged in gas 
dispatching—PSC will put it to work 
solving engineering problems. Later it 
may be used to bill industrial cus- 
tomers. 

—Michael Murphy—Los Angeles 
Stewart Ramsey—Chicago 
Frank Pitman—Denver 

All of McGraw-Hill News 


Czech Steel Mills 
Buy British Ultrasonics 


Kelvin Hughes (Industrial), Ltd., 
has received an order from Koro, 
Czech buying organization, to supply 
$28,000 worth of ultrasonic inspection 
equipment to Czechoslovakian steel 
mills. 

The equipment will be used in qual- 
ity control, for the rapid scanning of 
rolled mild steel bars for internal de- 
fects. It consists of a remote control 
console containing cathode ray tube 
presentation and recording equipment, 
and remote operating controls for a 
scanning unit. The latter is located 
above the main feed conveyor. 





(Henin oFF€Rs You MORE. 
wACTUATORS 


1542 & 1544 SERIES 
DOMOTOR POWERED 
ACTUATORS 


Two types, “Direct 
Thrust” (illustrated) 
or “Lever” units are 
available for any ap- 
plication requiring 
accurate positioning 
in response to a pneu- 
matic signal, such as 
butterfly valves, 
dampers, turbines 
and engine governors. 
Guaranteed position- 
ing accuracy of better 
than 0.001” per inch 
of stroke over the 
complete range of 
piston travel is com- 
bined with a smooth 
operating action that 
provides an accurate, 
stable output force. 


Write for Bulletin 1236-ST 


Your choice OF ADVANCED DESIGNS 


WITH MORE PRECISE POSITIONING AND 


DYNAMIC RESPONSE cher te iy ao Leal 
ta ’ 


600 SERIES 
STROKE POSITIONING 


ACTUATORS 


Offered primarily for 
the control of variable 
speed drives, rheo- 
stats, pumps and 
cams, as well as con- 
trol vaives, with 
strokes up to 6 inches 
and forces up to 2510 
pounds of thrust. 
Compact and rugged, 
for easy mounting on 
existing equipment. 
May be operated from 
a standard 3-15 psi 
instrument signal, 
with a positional ac- 
curacy within 0.001” 
per inch of stroke. 


i 

















10,000 SERIES 





PNEUMATIC-HYDRAULIC 


ACTUATORS 


For valves requiring 
strokes to 6 inches 
and thrusts to 100,000 
ibs. Furnished on 
body assemblies 
where process condi- 
tions require very fine 
valve response, hi- 
speed and stability. 
Operate on 1500 psi 
oil supply system 
from any common in- 
strument air signal. 


-- ( 


| 
! 


THE ANNIN COMPANY 


= 
I. 


VAL 


1040 S. Vail Avenue, Montebello, California 














20,000 SERIES 
ELECTRO-HYDRAULIC 
ACTUATORS 


Provide a means of 
converting an electri- 
cal signal to a power- 
ful hydraulic position- 
ing force, where high 
speed of response 
and stable operation 
are required under 
extreme conditions of 
pressure differentials, 
high velocities and 
large volume loads. 
! 


- 
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1¢ 
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TOGGLE ACTUATORS 


For process requirements where the un- 
balanced forces are extremely high, or 
where large through-puts are required. 
Three types are offered: pneumatic 
positioning, pneumatic on-off, and 
manual control, all embodying the tog- 
gle actuator; or a manual control ar- 
rangement can be combined with the 
pneumatic poeieneas or on-off toggle 
actuator. 


“<a 


- 
— -— — 
— 
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PRESSURE 
TRANSDUCERS 


BONDED STRAIN GAGE RUGGEDNESS 


No damage at 1,000 g to 2,000 cps... no unsupported fine wires to resonate or 
fracture. 


2a in i — BOTH static AND dynamic measurements with ONE transducer... for 
use with any read-out equipment from standard strip-chart recorders to cathode ray 
oscilloscopes. 


PLUS — 4 arm 350 ohm strain gage bridge . . . high dynamic response: natural 
frequency 50 KC; damping constant .2 (cooled) ... only %4 of 1% maximum zero shift 
when flame of acetylene torch passes rapidly over diaphragm . . . all welded dia- 
phragm for corrosive applications . . . ranges: 0-25 to 0-60,000 psi. 


WRITE for data sheets covering 
Norwood Controls Transducers, 
Norwood Controls Unit, Detroit Controls 
Division, 938 Washington Street, 
Norwood, Massachusetts- 


American-Standard 


DETROIT CONTROLS DIVISION 
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Magnet ic 
memory drum 


Signal erase head & 


Strobotron 
~ writing circuit 


Short memory 
circuit 


Units tens 
push buttons _ 








uses static switching re- 


and magnetic drum 
memory to speed classification 
process at new Washington 
Post Office. 


actors 


At Washington, D. C.’s new mod- 
ernized Post Office (CtE, May °59, 
p. 22), sequencing control with static 
switching elements has revolutionized 
the century-old technique of parcel 
post sorting. In the new system of 
primary sorting (see drawing above), 
six tray conveyors with automatic 
dumping mechanisms drop packages 
onto 32 cross-running belt collectors. 


Each conveyor, run by one man who 
punches codings for package destina- 
tions into the control system, can 
handle 40 packages per minute, sort- 
ing into 31 major substate areas. The 
entire system has a capability of sort- 
ing 14,400 packages per hour. It 
replaces a hand sorting operation. 

To operate the parcel post machine, 
built by Jervis B. Webb Co., Detroit, 
the conveyor line operator first reads 
the address on the package, then 
punches in the proper two-number 
code representing the substate area 
of the destination. The code is placed, 
as a magnetite spot, on two of the 
channels of a 12-channel memory 
drum (six channels are for 10’s and 
six channels are for units). 


Slow-revolving, 12-channel, magnetic 
drum carries coded spots. When two 
spots are simultaneously under read 
heads they close an AND circuit 
through one of 31 switching re- 
actors (top left) to actuate tray 
dumping mechanism, 


¢On the input side—As the drum 
rotates, the coded spots travel with 
it, passing beneath a series of read 
heads. When the spots simultane- 
ously energize two reading heads 
which are connected through an 
“AND” static switching circuit, the 
resultant signal trips a solenoid re- 
lease at the conveyor to unlock and 
dump the correct tray. Erase heads 
then remove the spots from the mag- 
netic drum. At the end of the con- 
veyor, metal guides reset each tray. 

Operation of the machine, obvi- 
ously, is closely tied to two speeds: 
the speed of rotation of the magnetic 
drum (slow) and the speed of the 
dumping tray conveyor belt (designed 
to travel between 34 fpm and 135 
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Built-in sea legs... for 


UNLIMITED 
DIGITAL DATA RECORDING 
WITH 
DATATAPE SYSTEMS 


From isolated monitoring outpost to cramped shipboard quarters at sea, 
DataTape’s two new 5-680 Series Digital Recorder/Reproducers are more 
than a match for severe environments and critical operating conditions. Sturdy 
construction, completely transistorized electronics and fungus resistant com- 
ponent materials provide reliable instrumentation of long life. 


TYPE 5-682— 


TYPE 5-681— 4 ; 
TAPE SPEEDS UP 


TAPE SPEEDS 





RANGE FROM 2 
TO 30 IPS. 
ACCESSORY 
HINGED DUST 
COVER 
COMPLETELY 
SEALS TRANSPORT 
WITH A 
CONTINUOUS 


TO 150 IPS. 
VACUUM BUFFER 
CONTROL OF 
TAPE LOOP 
ASSURES SHORT 
STOP AND START 
TIMES FROM 
HIGH SPEED 
WITHOUT UNDUE 


GASKET. STRESSES 


ON TAPE. 


DataTape’s 5-681 and 5-682 are available with automatic tape skew correc- 
tion... parity test circuitry...pulse activated remote control...visual signal 


monitoring...and remote footage indicator. Other features specified by users | 


can also be incorporated. 


The transports fit standard 19” racks and require only 2414” of vertical | 


space. They accommodate NARTB reels to 101”, and special reels are avail- 


able. Type 5-681 provides 5-millisecond stop and start times and 5-682 operates | 


at3 milliseconds. Tape positioning accuracy of both units 
is +0.05” in forward or reverse. Start, stop and reverse 
cycling rates to 100 per second are easily achieved. Speed 
changes are made by electrical switching of multispeed 
capstan motors. Operating power requirements are 110 
volts, a-c, + 10%, 60 cycles +1 cps, at 10 amperes. 


For complete information, call your nearest CEC sales 
and service office or write for Bulletin CEC 1618 X-3. 


EASY ACCESS—ENTIRE TRANSPORT ASSEMBLY SWINGS OPEN ON STURDY HINGES FOR 
FULL ACCESS TO ALL COMPONENTS. SPECIALLY DESIGNED REEL MOTORS WITHSTAND 
INTERNAL TEMPERATURES TO 250°C. 


DataTape Division é +—C, 


CONSOLIDATED ELECTRODYNAMICS 300 n. sierra madre villa, pasadena, california 


FOR EMPLOYMENT OPPORTUNITIES WITH THIS PROGRESSIVE COMPANY, WRITE DIRECTOR OF PERSONNEL 


CIRCLE 25 ON READER-SERVICE CARD 
30 CONTROL ENGINEERING 








| WHAT‘S NEW | 


fpm). Interval of travel between the 
coding point and the prescribed dump- 
ing point is the critical measurement. 
The signal on the drum, placed there 
precisely when the moving tray is at a 
so-called coding point, moves % in. 
while the conveyor moves | ft. 

Twelve short memory circuits make 
sure the magnetic spots are placed on 
the drum at the correct time. They do 
this by remaining de-energized until 
the tray carrying the package triggers 
a pulse switch; at this instant, the stro- 
botron writing circuit places the spots 
on the memory drum channels. 

¢On the output side—Outputs to 
the solenoid tray releases—to dump 
packages onto the collector convey- 
ors—are dispatched through 31 stand- 
ard switching reactors instead of re- 
lays. The static system was chosen, 
say design engineers, because of the 
continuous high volume switching op- 
erations required—on an average of 
19 million per year for each tray 
conveyor running about 150 hours per 
week. The reactors were supplied by 
Control Div. of Magnetics Inc. 

Unamplified output from _ the 
switching reactors is sufficient to oper- 
ate the release solenoids. The tray is 
dumped when the release track on 
the tray catch is depressed. A bar-and- 
wheel trip, locked rigid by action of 
the solenoid, deflects the release track. 
The wheel rides over the track when 
no dumping signal is present. 

Depending on the load, one to six 
conveyors may be run at any time. 

¢ Training problem—After its initial 
installation, the Post Office has found 
only one problem with its automatic 
parcel post sorter: a high turnover of 
personnel makes a continual training 
program necessary to turn out ade- 
quate conveyor operators, Webb, the 
system supplier, has also delivered 
special training devices to help new 
operators learn the code. Because of 
the turnover, the code was designed to 
be simple. Tens (10, 20, 30, 40, 50 
and 60) and units (1, 2, 3, 4, 5, and 
6) are paired together to form 36 
codes, of which only 31 are used 
(the 32nd carries packages whose desti- 
nation cannot be identified). 

The code has been designed so that 
it will have some meaning to the op- 
erator, retaining substate names and 
alphabet segments. A typical ex- 
ample: North Maryland A-F. Alpha- 
betically ordered names are linked 
with increasing numerical order to pro- 
vide quicker recognition. 

The Post Office Dept. plans to 
equip 60 cities with the new sorter. 

—John Zurbrick 
McGraw-Hill News 





FIELD PROVEN... 





Honeywell Electro Hydraulic 
Tracer Systems 


Now operating on a wide variety of well-known machine tools 
(some of them illustrated at the right), Honeywell 180° and 
360° Tracer Control systems provide fast, accurate and reliable 
system response for smooth application of large increments of 
hydraulic power. 

They combine the flexibility, remote control and finesse ot 
electronics with the power and fast actuation of hydraulics. 
They're far more flexible than completely hydraulic systems. 
These systems have been designed for ease of application. 
Modular construction simplifies and speeds field service. 


Accuracy— Accuracies of + .0005” from template to part 
and + .0002 from part to part have been achieved in 
actual use. 


Adaptability — these systems are now in operation on 
all types of machine tools, from light duty engine lathes 
to huge spin forging machines. Every application is cus- 
tom fitted—at production line prices. 


Performance—rach Honeywell system becomes an in- 
tegral part of the machine tool. The control system can be 
adjusted to compensate for changes in machine perform- 
ance during the life of the machine. Speed range of 300 
to 1 is normal; greater rangeability is available on some 
applications. Tracing speed ranges up to 60” per minute 
are available. 


For further information on Honeywell’s new machine control 
systems and components and their application to your specific 


job, contact Minneapolis-Honeywell, Machine Control Group, 
Dept. CE-6-93, Minneapolis 8, Minnesota. 


Honeywell 
[EH] Fist tw. Couctenl 
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Gorton Vertical Milling Machine equipped 
with Honeywell 360° Electro Hydraulic 
Tracer Control System. 


Giddings & Lewis vertical turret lathe with 
Honeywell 360° Electro Hydraulic Tracer 
Control System. 


Frauenthal Division of Kaydon Engineering 
Corporation turning and grinding machine 
with Honeywell 180° Electro Hydraulic 
Tracer Control System. 


Rockford Machine Tool Company hydraulic 
mill with Honeywell 180° Electro Hydraulic 
Tracer Control System. Swarfing operation. 


Hufford Corporation spin forge machine 
with two Honeywell 360° Tracer Control 
Systems plus spindle speed control. 
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Air Force Drafts Supervisory Control 


CONTROL 





ENGINEERING 


Missilemen borrow an established system of 
remote control to improve chance of success in 


space probe shots, and to 


CAPE CANAVERAL— 

A supervisory control system—of 
the type used by industry for years to 
remotely control such things as power 
substations and gas and oil pumping 
stations—has been installed here and 
tied to four downrange stations by a 
1,500-mile coaxial cable. This month, 
work will start to extend the cable an 
additional 430 miles to the Antigua 
tracking station. 

Built by Westinghouse, the con- 
trol performs inflight switching func- 
tions on missiles, performs switch- 
ing functions at remote locations, and 
transmits its indications to Cape Ca- 
naveral. The control’s three inde- 
pendent systems are designated System 
I, System II, and Indication System. 


increase range safety. 


¢ Destguct function—System | in- 
cludes the command-control switching 
system which operates the instrumen- 
tation concerned with missile flight. 
Best-known function of this equip- 
ment is to destroy missiles that leave 
prescribed flight paths. But the system 
also contributes some constructive 
—_ too. For example it allows a 
“pilot” located at the Cape to fly an 
air-breathing missile like Snark down- 
range and back to a landing skid. 

System II controls the radar-track- 
ing functions, puts the downrange 
“Mod 2” radars on the target. The 
Indication System provides a_ visual 
presentation at the Cape of the var- 
ious downrange functions. 

¢ Tone codes—To transmit informa- 
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HIGH RELIABILITY 
Symmetrical mechanical und hydraulic design 
Mechanical feedback Jrom second stage valve position 
Dry coil torque motor 
Large single filter for hydraulic amplifier 
Dynamically balanced for resistance against vibration 


Superior low temperature operation 


The new lightweight Weston Electro-Hydraulic Servo Valve, developed after an extensive program 
of research and testing, combines all these outstanding features. The results are smooth, stable 


operation under a wide range of flow and temperature conditions, with more positive positioning | 


accuracy and higher reliability even when used with contaminated fluids. Greater null stability is 


all 


WESTON 


WESTON HYDRAULICS, LIMITED 
10918 Burbank Boulevard, North Hollywood, California 


Please send me a free copy of Technica! Report No. 101 
describing your new Electro-Hydraulic Servo Vaive. 


assured. ™@ For more information about the new Weston Electro-Hydraulic Servo Valve, write for | »*"' 


your free copy of Technical Report No. 101 de- 


ey igeopan 
scribing it. Use the handy coupon at right, or 
. usin ° LIMITED 
contact one of the following offices: 


A Subsidiary of Borg-Warner Corporation 


; 
COMPANY 


ADDRESS. 4s. 





midwest office: 11767 Fawnridge Drive, Kirkwood, Missouri, Phone: YOrktown 6-4861 * eastern office: 14 South Boro Lane, Glén Rock, New Jersey, Phone: Gilbert 4-2094 


| | WHAT'S NEW 


systems trans lation ear tion from the downrange stations back 


to the main control station, the range 
uses narrow-band frequency-shift tone 


equipment. Over the 1,500-mile sub- 
marine cable—connecting stations at 
Grand Bahamas Island, San Salvador, 


and Grand Truk Island, now terminate 
at Puerto Rico—go voice, instructions 
and comments, timing signals, Tele- 
type data, and real time and super- 
visory telemetry. 
To control the downrange opera- 
tions, the main control station uses a 
binary-tone system. A long pulse rep- 
resents one, a short pulse zero. The 
range has a five-pulse (digit) code for 
System I that allows transmission of 
32 functions, an eight-pulse code for 
System IT allowing 256 functions. 
The systems have a number of built- 
in checks. For example, if the five- 
digit code is in error or does not fall 
within the proper pattern, a check-up 
pulse negates the original signal. On 
detection of this binary count error in 
code transmission, a report code goes 
back to reset coders and decoders. 
In substance, it invalidates the error in 
the original command signal until it 
receives the correct one. 
¢ Help for the man in space—Orig- 
inally, the supervisory control system 
was employed primarily for range 
ou : safety. But its proven flexibility en- 
easy-to-position - never needs adjustment couraged other uses. 
For example, in a recent Hound Dog 
USES MINIATURE SELENIUM DISC RECTIFIERS missile (air-to-surface) launching last 
—mounted without soldering or wiring. month, the supervisory control per- 
SIMPLE CIRCUIT REARRANGEMENT mitted the main control room at the 
—remove covers, reposition discs. Cape to directly interrogate the 
MOUNTED ON PHENOLIC GRID launching plane as it flew over the 
—with 2 sets of vertical and horizontal conductors. tracking station at Grand Bahama Is- 
HIGH MATRIX CAPACITY land. Before the supervisory system 
10 x 30 or 300 miniature rectifier discs. was installed, the main control would 
Ideal for systems requiring translation or various diode have had to ask the station at GBI 
matrices, such as: to interrogate the plane, then relay 
1. Automatic warehouses—to seek out or sort order parts. back the answers. 
2. Chemical processing plants—all controls made from a he most interesting uses of su- 
central point. pervisory control may be just ahead. 
Another fine product for the growing electronics indus- Its most significant one will probably 
try backed by Kellogg and International Telephone and come next vear, when the National 
Telegraph Corporation. Aeronautics & Space Administration 
Write for full details and complete catalog of Kellogg launches Project Mercury, the man in 
systems and components. space. Supervisory controls along the 
extended cable will play an important 
role in putting the man in orbit. 
Background for this epochal shoot 
is already being gathered. Cape Ca- 
naveral missilemen have used SCS to 
fire the third stage of Vanguard satel- 
Kellogg Switchboard and Supply Company, 6650 South Cicero Avenue, lite shoots. ‘Thev have used it to send 


Chicago 38, Ill. Communications Division of commands to the Atlas 10 B, the 
international Telephone and Telegraph Corporation. ICBM that went into orbit last De- 


Manufacturers of Relays, Hermetically Sealed Relays, cember. And they will probably use 
Switches, Miscellaneous Telephone Type Components it for the orbital injections of the 


Venus space probes this year. 
—Douglas M. Dederetr 
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AMOULyNe on 


WHAT'S IN A NEW NAME? 


Our former name, CDC Control Services, Inc., wasn’t too bad as 
corporate nomenclature goes. But it didn’t really say much about the very 
very special kind of control systems we produce. 


For ours are dynamic control systems, quite different in form and 
functioning from steady-state systems that operate on a precept of fixed 
process conditions. We accept the reality that no process is static, and design 
the system around the dynamic inter-relationship of all the process variables. 
The result is control that fits the process as snugly as a surgeon’s glove. 


We have built more than two hundred such systems for aircraft and 
missile test facilities and the process industries. Many of these systems 
employ extremely fast electronic-hydraulic control loops. We call the sys- 
tems CompuDyne Control Systems, a term which well describes their 


computer-tested design, integral computer-control functions and dynamic 
response capabilities. 


All this is what’s in our new name: CompuDyne Corporation. 
If there is even a chance that better controllability would increase the 
profitability of your process, of the performance of your test facility, 


CompuDyne is a name you should know more about. Request Bulletin 
G-103 on your company letterhead. 


Representatives in all principal cities 


CompuDyne Corporation 


Formerly CDC Control Services, Inc. 


402 South Warminster Road, Hatboro, Pa. 
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MEASURING 


UANTITY ? 


Then do it the modern way 
... With accurate, rugged, 
trouble-free SR-4® Load Cells 














Weigh or con- 

trol chemicals 

faster and 

more accu- 

rately—yet 

with maxi- 

mum simplic- 

ity—with 

B-L-H SR-4® 

Load Cells. Installed as part of the 
tank support structure, no part of the 
measuring system comes in contact 
with the contents of the tank. Can 
be installed on tanks already in use. 
Output suitable for use with local or 
remote indicator, recorder or auto- 
matic dispensing control. Explosion- 
proof. Hermetically sealed—unaffected 
by dust, grease or moisture; long 
service life assured. Available in stand- 
ard capacities of 50 through 200,000 
Ib., accuracies to +0.10%. 

For more information on load cells and 


complete batching systems, write Dept. 
6-F and ask for Bulletins 4355 and 4510 


FIRST in force measurement 


BALDWIN-LIMA-HAMILTON 


Electronics & Instrumentation Division 
Waltham, Mass. 





SR-4@ Strain Gages « Transducers « Testing Machines 
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An Editor Goes to Three Meetings 


Instrumentation, steel, and nu- 
clear shows, all in the same 
week, indicate bustling activity. 


The 42nd conferences of the Na- 
tional Open Hearth Steel Committee 
and the Blast Furnace, Coke Oven & 
Raw Materials Committee of AIME’s 
Iron & Steel Div. were held at the 
Sheraton-Jefferson Hotel in St. Louis, 
April 6 and 7. This was a big meeting, 
with four concurrent sessions bo 
morning and afternoon, and an attend- 
ance of around 1,500, But it wasn’t a 
meeting about control per se; and it 
was just as well. For on the same two 
days, ISA was holding its Second Na- 
tional Symposium on Chemical & 
Petroleum Instrumentation at the 
Statler-Hilton, five blocks away. Con- 
current sessions are bad enough! 

The ISA meeting was small (about 
275 attended) but very good from the 
control engineer’s viewpoint. And the 
single-session program let everyone re- 
lax. Subjects ranged from specific 
measurement to computing control. 

Art Freilich of Burroughs presented 
an excellent status report on comput- 


_ ing control in the process industries, 


tracing the development of the various 
concepts now under test or being con- 
sidered. He discussed these concepts: 
Off-line computing—where the proc- 
ess is “controlled” only in a sort of 
“managing” or supervisory fashion by 
a computer that generates process op- 
eration changes from logger data 
collected at an earlier time, to be 
effected by operating personnel. 
On-line computing—where the com- 
puter operates in real time to generate 
operating guides or actual control sig- 
nals’ immediately from . measured 
data. The first of these® 

Computing operating guides—is essen- 
tially an open-loop scheme in which 
the computer indicates to the operator 
that controller set-points ought to be 
modified in some way. The operator 
has the choice, and the computer has 
no control of the process. This idea 
has been under test at Esso Baton 
Rouge with an L&N-LGP-30 installa- 
tion since June 1958, the earliest 
attempt at using a digital machine. 
Freilich noted several other attempts, 
too. The most important concept— 
Closed-loop computing control—re- 
mains to be tested in the process field. 
The Texas Co. may be the first to do 
it digitally with an RW-300 at Port 
Arthur, Tex. (CtE, May 1959, p. 40). 
Here the computer changes controller 


set-points or actuates control elements 
directly. How it derives the signals 
breaks down into two further concepts: 
Solving the process equations—where 
the computer calculates effects on the 
desired secondary variables of changes 
in the primary measured variables. 
This technique requires excellent 
knowledge of process relationships, 
not usually easy. The second idea is: 
Automatic experimentation—in which 
the computer determines optimum 
control point from reaction of the 
process to disturbances of its steady- 
state operation. This leads to “self- 
adaptive” control systems. 

These concepts have been develop- 
ing for some time. The big difference 
today is that computers designed 
specifically for process control are now 
available commercially. _ Freilich 
compared the five general-purpose ma- 
chines in a tabulation of characteris- 
tics, also discussed available incre- 
mental digital machines (DDA’s) and 
the two analog control computers. 

Another interesting ISA paper was 
presented by T. H. Clift of Standard 
Oil of Ohio, who described the de- 
velopment of the Control Systems 
Div. for SOHIO’s new integrated 
refinery at Toledo. This unusual 60,- 
000-bbl-per-day plant has no storage 
between units and is operated by two 
men from a single 95-ft graphic panel. 
The operating staff of the refinery 
numbers 22, a control system super- 
visor (Clift), a control systems engi- 
neer, three instrument specialists, a 
maintenance foreman, and 16 me- 
chanics. These men and $3.5 million 
worth of instruments (installed cost) 
operate for $65 per bbl, compared to 
an average $78 per bbl for conven- 
tional nonintegrated plants. The in- 
struments cost about 8 percent of the 
$40 million spent for the refinery, a 
low total for a 60,000 bbl per day 
plant. 

The integrated refinery has no unit 
storage and hence, said Clift, requires 
a heat balance throughout the entire 
plant. One result is 11 temperature 
controllers on one tray in a fractionat- 
ing tower; another is considerably 
more complex startup conditions. Such 
things are beyond the abilities of the 
usual service man, so SOHIO ran a 
nine-month intensive course for 16 
carefully picked mechanics that turned 
out to cost them only $54,000. An 
uneventful first startup and smooth 
operation has followed since. The 
plant has no data loggers or computing 





ABSOLUTELY TIGHT SEATING! 


WITH ASCO POPPET TYPE 4-WAY SOLENOID VALVES 


Dead tight shut-off—even on air—is assured 
in these four-way valves through poppet 
seals, and by a unique combination of metal 
to metal and resilient seating. No lapping, 
grinding or close adjustments are necessary 
—no binding or leaking can occur. Short 
piston disc assembly travel, basic design 
simplicity eliminate maintenance problems. 


ASCO 4-way Valves are available in %” 
through 1” sizes, in standard, explosion- 
proof or water tight enclosures. They can 
be mounted in any position, and permit 
cycling rates to 850 per minute. 


ration: ASCO Single Solenoid 4-way 
Valves are power-driven in both directions 
by line pressure. When the solenoid is 
de-energized, line pressure applied to the 
top of the piston core forces it off the seat, 
eliminating possible sticking due to re- 
sidual magnetism. Line pressure is applied 
to Chamber A, moving the piston-dise as- 
sembly to the left. When the solenoid is 
energized, Chamber A is exhausted and 
line pressure drives the piston to the right. 
Single solenoid type (illustrated) operates 
when solenoid 1s energized; returns auto- 


(PRESSURE) C2 EXHAUST CO r . 
matically when de-energized. 


C2 EXHAUSTS AND PRESSURE MOVES TO CO 


New! Catalog No. 202 covers the 
ASCO line of Solenoid Valves. 
Write for your copy today. 


For Immediate Delivery... 
World’s largest stock of 
Solenoid Valves. A complete 
Solenoid Valve Stock List will 
be sent to you with your copy 
of Catalog No. 202. 


celia adil toatl ones ential a nai | 


Dual Solenoid (Bulletin 8344): operates 


J.1.C. Construction (Bulletin 8346) ASCO 


when either solenoid is energized; will 
not return until opposite solenoid is en- 
ergized (single solenoid types return when 
de-energized). In dual solenoid valves, sole- 
noids may be energized continuously or 
momentarily. 


Single and Dual Solenoid Valves can be 
furnished to Joint Industry Conference re- 
quirements—valves are provided with sub- 
plates, vapor-proof solenoid enclosures, and 
manual overrides, and are electrically in- 
operative with the cover removed. 





Automatic Switch Co. 


50-G Hanover Road, Florham Park, New Jersey * FRontier 7-4600 
AUTOMATIC TRANSFER SWITCHES + SOLENOID VALVES + ELECTROMAGNETIC CONTROL 
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Ultra-Sensitive Relays 





Across industry today, Barber-Colman 
ultra-sensitive d-c relays are solving 
control problems in a wide range of 
applications such as communications, 
nucleonics, instrumentation, process 
control, railway signal transmission, air- 
craft temperature control and remote 
positioning systems. 


Polarized Micropositioner 
Relays — The Barber-Colman 
Micropositioner is an ultra- 
sensitive polarized d-c relay 
capable of operating on input 
powers as low as 40 microwatts. 
Available in three types of 
. adjustment: null-seeking .. . 
symmetrical magnetic-latching . . . or 
conventional form C snap-acting. Can 
be operated in excess of 100 cps. Selec- 
tion of enclosures and mountings. 


Transistorized Polar Relays — The 
Barber-Colman transistorized relay is 
an adaptation of the Micropositioner 
that features a built-in transistor pre- 
amplifier, which greatly reduces the 
input required for contact operation. 
Choice of null-seeking . . . symmetrical 
magnetic-latching, or form C snap- 
acting contact operation. 


Resonant Reiays — Characterized es- 
pecially by low operating power and 
narrow band width. Standard units can 
be tuned to any frequency between 115 
and 400 cps. Special units have been 
built to resonate as low as 1624 cps. 





THE WIDE LINE OF BARBER-COLMAN ELECTRICAL 
COMPONENTS includes: D-C Motors for industrial 
equipment and aircraft control applications. Out- 
put up to 1/10 hp. . . permanent magnet and split 
series types . . . various mountings and speeds. . . 
also available with gearheads or blowers. Tach 
Generators for accurate speed indication and 
servo rate control applications. Low-cost battery- 
operated motors. Resonant Relays characterized 
by low operating power, narrow band width. 
Ultra-Sensitive Polarized Relays operating on input 
powers as low as 40 micro-watts. 400 Cycle A-C 
Motors for aircraft and missile applications. 


TECHNICAL BULLETIN SERVICE 
on all Barber-Colman electrical 
components. Detailed specifica- 
tions, performance data, circuitry 
drawings. Write for bulletins on 
any or all products. 





BARBER-COLMAN COMPANY 
Dept. R, 1848 Rock Street, Rockford, Illinois 


Electrical Components * Small Motors * Automatic Controls * Industrial Instruments 
Aircraft Controls ° Air Distribution Products e Overdoors and Operators 
Molded Products * Metal Cutting Tools * Machine Tools * Textile Machinery 
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WHATS NEW 


control at present; but both are unde 
study. There are 11 gas analyzers on 
line (O, and H,). : 

*Steel meeting—~The AIME steel 
meeting was not concerned with con- 
trol. The chemistry of steel-making, 
the effects of sinter size, problems in 
coal grinding, and new processes were 
the kind of things discussed. But this. 
was a technical meeting with meat 
in it. The wealth of numerical data 
presented, as measured from labora- 
tory models and full scale plants, re- 
flected a vital interest in the import- 
ant business of “knowing the process”. 
And the steel manufacturers’ open- 
ness with the details of their study 
projects showed a high regard for the 
positive values in society meetings that 
is commendable to other industries, 
where meetings too often scem to 
consist only of papers by equipment 
suppliers that describe successful ap- 
plications of products. 

Moreover, instrumentation provided 
the data presented, and improved 
processes and control will result. Thus, 
there are control stories behind the 
steel papers that Conrrot ENGINEER- 
ING will report in due time. 
¢ Nuclear Congress—Meanwhile, back 
at Cleveland, the Fifth Nuclear Con- 
gress was under way. This included 
the Atomfair, with about 150 exhibi- 
tors at the Public Auditorium. The 
conferences here included some dozen 
papers of interest to control engineers. 
These ranged from proportional sam- 
pling of liquid radioactive wastes, 
through simulation of reactors, to a 
description of the electronic master- 
slave manipulator at Argonne Na- 
tional Laboratory. 

Another paper of timely interest 
described the SNAP-III-B, the radio- 
isotope-fueled thermoelectric genera- 
tor built for Martin by Minnesota 
Mining & Mfg. that packs the en- 
ergy equivalent of 300 Ib of lead-acid 
batteries into a 3.5-Ib ball, delivering 
it at the rate of 3.3 watts (2.0 volts at 
1.7 amps) for nine months. The 
SNAP-III-B powered a small amateur 
radio station during the Atomfair—to 
mark the world’s first nuclear-pow- 
ered communication. 

Also at the Atomfair were compu- 
ters like the Bendix G-15 and the 
Recomp II (shown for the first time); 
lots of digital counters; analog-to-digi- 
tal converters; pressure, temperature, 
and flow controllers; valves; analyzers 
(including a new dissolved-H, analyzer 
by Swartwout); thermistors; and many 
other components and subsystems of 
control (rather than nuclear) nature. 

—E. J. Kompass 





Too Much Data? 


Are flight testers collecting too 
much data—and the wrong kind? BARBER 
That was the question raised at COLMAN 


a-c emall motore 


the flight test instrumentation 
symposium. 
SEATTLE— 

There were some new faces at the 
ISA’s Fifth National Flight Test In- 
strumentation Symposium, held here 
in May. For the first time, this annual 
meeting, initiated and nurtured by 
aircraft flight testers, was attended 
by large numbers of missile and space- 
technology flight testing specialists. 
The theme of the integrated meeting 
appealed to all: the systems approach 
to flight instrumentation, or looking 
at data acquisition from input to trans- 
ducer, all the way to output of the 
data-processing computer. 

Attendees (nearly 450) were barely 
in their seats when the first speaker 
—Princeton Prof. Enoch J. Durbin— 
chided both aircraft and missile testers 
for collecting too much data—much 
of it not useful. And the cost of 
equipment to obtain this mountain of 
data, he said, is staggering. Durbin 
complained that instrument engineers 
frequently set up to measure and re- 
cord variables without knowing the 
objective of the test. In one case, 
he said, he spent six months trying 
to measure some hard-to-get tempera- 
tures, finally discovered that heat 
transfer data was what was wanted. 

Sometimes, Durbin said, 95 percent 
of the equipment is used to obtain 
only 5 percent of the data. The 
acquisition of this high-frequency data. 
is principally responsible for the ineffi- 
cient use of equipment. 

¢ A solution—Durbin did have a pos- 
sible answer to the problem. It meant, 
he said, a new approach: first deter- 
mine what kind of flight information 
is needed, then plan the instrumenta- 
tion. In many cases, he said, statistical 
averages could be used instead of high- 
frequency data collection, which often 
reaches rates of 10,000 points per sec. 

He described two statistical averages 
useful when extracting information 
from random signals in vibration or 
noise tests. One is a time-domain av- 
erage, the autocorrelation that de- 
scribes the signal; the other is the 
frequency-domain average, the power 
spectral density. 

Durbin envisions a great saving of 
bandwidth by the use of such averages, 
particularly if they can be measured 





low cost..rugged 
and accurate... 


Here’s a design tip that can save 
you money with no compromise in 
product quality! Barber-Colman 
reversible motors perform efficient- 
ly as dependable a-c tachometer or 
rate generators. Voltage is nearly 
linear in the range of 1000 to 3000 
rpm and is usable beyond these 
speeds with but slight additional 
loss of linearity. Generated voltage 
is of the order of two volts per 
thousand rpm and can be increased 
to the order of 10 volts per thou- 
sand rpm with shading coils of 
higher impedance. Write for Bul- 
letin F-9256 with performance 
curves. 





low cost...reversible 
servo motors 


Compact, powerful . . . for servo- 
mechanisms, remote switching and 
positioning devices, recording in- 
struments, voltage regulators. 
Adaptable to a variety of control 
circuits (including control from 
vacuum tube and transistor ampli- 
fiers) for power requirements up 
to 1/25 hp. Write for Catalog R1. 





low cost...unidirectional 
blower motors 


High-quality, precision-made 
motors that give long, trouble-free 
service for driving blowers and 
fans. Low noise level . . . long-life 
alignable bearings . . . large oil 
reservoirs .. . high yy 
Ratings up to 1/20 hp. Write for 
Catalog U1. 





directly with specially-designed trans- BARBER-COLMAN COMPANY 
ducers. There is some work already Dept. R, 1248 Rock Street, Rockford, Illinois 


under way, he said, to develop an y 5 z 
autocorrelation transducer. | — Motors °* Automatic Controls . Industrial lnstrements * Aircraft Controls 
Other sampling techniques offer | Electrical Components Air Distribution Products Overdoors and Operators 


similar savings, he continued. Some Molded Products * Metal Cutting Tools * Machine Tools * Textile Machinery 


CIRCLE 33 ON READER-SERVICE CARD 
JUNE 1959 39 








CAMBRIDGE 


™€ SPOT 


SERIES 
500 


AIRPAX 
MINIATURE 
CIRCUIT 

BREAKERS 


Power Control and Circuit 
Protection are provided in 
this new Airpax Circuit 
Breaker. Only slightly larger 
than an,”“ON-OFF” switch it re- 
places a switch, fuses and over- 
load relays. Available in ratings 
from 50 milliamperes to 10 amperes, 
AC or DC with fast or slow response 


Divisio CAMBRIDGE 
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WHAT’S NEW. 


typical equipments to be developed: 
an rms gathering transducer, a device 
to measure amplitude distribution, an 
instrument which would report peak 
load as a function of time, and a de- 
vice to measure time of occurrence 
within 1 microsec. 

¢ What price standards?—Another 
session wreathed in controversy was 
on standards and recommended prac- 
tices in the flight-test industry, chaired 
by Floyd Byran of Douglas Aircraft. 
The main trouble-spots: who should 
make the standards? and how far 
should they go? 

Participants leaned toward techni- 
cal societies like ISA as the preferred 
source, but had to admit that, when 
pressed by crash programs, military 
groups such as the Interrange Instru- 
ment Group (IIG) formulate stand- 
ards with the most dispatch. 

Practically everybody agreed that 
general guide lines should be estab- 
lished, rather than highly definitive 
and specific standards. But argument 
developed as to what was general and 
what was specific. Main point of con- 
tention was the new standards on pem 
(pulse code modulation), recently 
agreed to by IIG and the Aircraft 
Industries Association. Some manu- 
facturers feel that this is too specific, 
will freeze progress; others are sup- 
porting it. 

¢ Technical meat—Among the un- 
usual presentations, one on semicon- 
ductor resistors used as a temperature 
measuring tool stood out. John R. 
Pies, Texas Instruments, discussed the 
characteristics and application of Sen- 
sistors. One obvious advantage: when 
used in a voltage divider circuit, the 
Sensistor produced an output of 3.8 
millivolts per deg C, compared to the 
0.5 millivolt per deg C produced by a 
conventional thermocouple. 

«New products bow—Although 
there were no formal exhibits, a num- 
ber of suppliers were showing prod- 
ucts in hotel rooms. Ampex, for ex- 
ample, unveiled its new airborne tape 
recorder, the AR-200. Completely 
solid-state, this new device occupies 
just one-half the space of its predeces- 
sor unit. Endevco Corp. displayed a 
new, all-transistorized, charge-sensitive 
amplifier, designed primarily for use 
with piezoelectric transducers. Be- 
cause it amplifies a charge, the unit is 
unaffected by the cable length between 
transducer and amplifier. 

With its subtle air of controversy, 
its newly integrated interests, and its 
reports of progress, the fifth sympos- 
ium was one of the liveliest. 

—Lewis H. Young 





CLOSE TOLERANCE PRINTING 
ON PRE-PRINTED FORMS 


| Newest of the S-C 5000 Series High-Speed Elec- 

| tronic Printers, S-C 5200 Registration Printers 
are specially designed for commercial applica- 
tions requiring close tolerance registration of 
computer data on pre-printed forms. Printing 
up to 5,000 lines per minute — five to ten times 
faster than electro-mechanical printers — S-C 
5200 Registration Printers provide unequalled 
efficiency and economy in large-volume proces- 
sing of invoices, statements, premium notices 
and inventory records. 


Send for complete information concerning S-C 
5200 Registration Printers. Ask for Bulletin 6-C. 
Write today: Stromberg-Carlson — San Diego, 
1895 Hancock Street, San Diego 12, California. 


GENERAL DYNAMICS 
STROMBERG-CARLSON DIVISION 
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NEW... from |! 


EXTERNAL PILOT-OPERATED PRESSURE REGULATOR 


fast-acting, accurate ... tight shut-off even on dead-end service 


Examine it yourself . . . feature for feature. K&M 
has made a vast improvement in external pilot- 
operated pressure regulators. 

It simplifies installations: requires one less pipe 


BLIND FLANGES 


on both main valve and pilot 
allow easy access for routine 


maintenance 
CLEANLY CONTOURED INTERIOR 
has no spider, practically no flow restrictions 
+ + « Gives greater flow capacity . . . usually 
permits « y of er size 





GUIDE PISTON 


line. It offers lowest maintenance: the result of good 
hydraulic and mechanical design throughout. It gives 
excellent performance: try one and compare with 
any other regulator of its type. 


BUILT-IN STRAINER 


protects pilot from scale, dirt, 
other foreign matter, is removable 
for cleaning 


INTEGRAL BLEED ORIFICE 


eliminates need for installation of 
extra bleed line 


PRESSURE-ADJUSTING SCREW 
permits convenient external pressure setting 


has balancing grooves which hy- 


CONTROL SPRING 


is isolated from main flow stream 
for greatest protection 


binding and side-thrust 


ah 


diaphragm control valves 


Our 79th Year 


CONTROL ENGINEERING 





draulically center guide, prevent 


If you would like a more de- 
tailed, close-up look at K & M's 
new Type 471 External Pilot 
Pressure Regulator, send for 
Bulletin 471A. 


KIELEY & MUELLER, INCORPORATED 


Oldest Préssure and Level Control Valve Manufacturer 
64 Genung Street, Middletown, New York 
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EUROPEAN REPORT 


Tape Calls Control Signals 
For Branch Plants 


British drug company records sequence 
control on magnetic tape at headquar- 
ters, then ships secondary tapes around 
the world to control manufacturing at 
overseas plants. It assures quality at the 
branches just like that at the main plant. 


And it seals formula leaks. 


In Malay last month, a reel of mag- 
netic tape arrived at the Kuala Lum- 
pur plant of British toiletry maker 
County Laboratories Ltd., shipped 
from the London headquarters 7 the 
company. Branch office executives 
rushed the tape out to the production 
floor because it contained the latest 
program for controlling the manufac- 
ture of Brylcreem, a cream hair tonic. 

This unusual technique, developed 
by the British company in association 
with Venner Electronics, Ltd., is a 
new approach to the control of finicky 
manufacturing processes. 

¢ Recording pulses—Here’s how it 
works. A master tape for the process 
is prepared in the United Kingdom 
from an analysis of the process time 
cycles. Each control function is man- 
ually recorded as half-second pulses on 
magnetic tape, timed against a crystal 
clock. Simultaneously, a strip chart 
gives a visual indication of the re- 
corded timing pulses. Secondary tapes 
for distribution are then recorded 
from the master. Playback of the sec- 
ondary tapes onto the strip chart gives 
an immediate visual accuracy check 
between master and slave tapes. 

At the overseas plant, the secondary 
tape is run through a playback unit 
built into the manufacturing process. 
To convert the tape to control signals, 
the playback machine has a rotary 

















switch which energizes a section of 
binary relays through prewired inter- 
connection blocks. The relays actuate 
control valves and other mechanisms. 

Because the system uses binary re- 
lays, energizing the relay armature 
moves the toggle-action contacts to 
the on or off position. The contacts 
remain in position until the armature 
is re-energized by a second pulse. 
This feature, says County Laborato- 
ries designer Victor Bryant, should 
lead to a two-fold increase in reliabil- 
ity: first, the elimination of all sub- 
sidiary hold contacts on the relays, 
and second, reduction of burnouts of 
the relay coils from prolonged current 
loadings. 

In the playback unit, 49 binary 
relays are available for individual con- 
trol operations. Operation sequence 
of the relays is preprogrammed on 
the interconnection boards which are 
sequentially energized by the rotary 
switch as it steps through one posi- 
tion for each pulse on the tape. 

An operator’s visual check panel 
is tied in with the tape sequence con- 
trol. Its main component is a ground- 
glass screen mounted over the control 
console. The glass is graduated hori- 
zontally in time corresponding to the 
process cycle; vertical markings indi- 
cate the controlled functions. 

Behind the screen, red and green 





1000 O08 Gap oc aoe G 


signal lamps are mounted on movable 
assemblies, two associated with each 
controlled valve. Microswitches fitted 
to the valve limit stops energize the 
lamps to show open or closed valve 
—— The lamp assemblies slide 
orizontally so they can be positioned 
under the time scale, one at the open- 
ing and the other at the closing time. 
Aounted above the upper time 
scale is a movable cursor, driven syn- 
chronously with the tape deck motor. 
Correct function operation is shown 
by the color lamps, the proper one 
lighting when the time cursor reaches 
a position directly over it. 

If a relay fails, the process operator 
can by-pass the tape control, operate 
directly any of the valves or motors. 

County Laboratories expects the 
new control will mean a major im- 
provement in branch operations, by: 

e shortening start-up times, particu- 
larly where infrequent batch produc- 
tion prevents a familiarity with the 
process control sequence. 

elimiting quality variations stem- 
ming from local labor conditions. 

e sealing secrecy leaks and helping 
to safeguard product formulas. 

e reducing plant idle time between 
batches of similar products by pro- 
viding multi-purpose pe capable 
of producing a range of products. 

—Derek Barlow 
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Scant garaetehtedaabtrtegece-< 


ELECTRO-PNEUMATIC 


SERVOVALVES | 


MODEL 615 
Weight 13 ounces 
Shown Vs size 


Unique jet construction permits pas- 
sage of particles as large as 200 mi- 
crons through both the first and second 
stages without malfunctioning. 


Other features include: 


Single source of gas in first stage elimi- 
nates possibility of unbalance or “hard- 
over” signals due to gas contamination. 


Second stage precisely controlled by a 
push-pull, frictionless, force feedback 
servo. 

Model 615 has double the flow capacity 
of the smaller Model 610. 


For more information, write for Data 
File CE-683-2. 


Raymond fttchley, Inc. 
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Program Set 
for Paris Data Meet 


Broad coverage of computer 
techniques and design is planned 
for international conference. Sub- 
jects give some indication of 
specialization under way in dif- 
ferent countries. 


Technical program for the First In- 
ternational Conference on Informa- 
tion Processing (June 13 to 21 in 
Paris) promises broad coverage of the 
computer field. But probably the big- 
gest feature of the meeting sponsored 
by UNESCO (United Nations Edu- 
cational, Scientific & Cultural Organi- 
zation) will be the opportunity for 
computer men of 11 different coun- 
tries to get together and exchange 
ideas on data processing. 

The six-day meeting has been di- 
vided into five main events: technical 
sessions at which 54 technical papers 
will be presented, 12 symposia at 
which specific subjects will be dis- 
cussed, an exhibit of computer and 
accessory equipment, evening sessions 
to hear papers on the equipment dis- 
played, and a series of five so-called 
popular evening lectures. 

Main technical sessions will cover 
these broad areas: 


I. Methods of digital computing 
Error approximation 


New Japanese general pur- 
pose computer, HIPAC, with 
Parametron (CtE, April ’59, 
pg. 110) logic units, will be 
unveiled at the Paris data 
processing meet in June, 
With its 4,500 parametrons, 
HIPAC adds at a speed of 4 
microsec, subtracts at 8 mi- 
crosec, and multiplies in 35 
microsec. Drum memory has 
a capacity of 1,024 words. 


Partial differential equations, applica- 
tions, and linear programming 


. Logical Design of Digital Computers 
Logical design in general 
Time-sharing 
High-speed computation 
. Common Symbolic Language for Digital 
Computers 
’, Automatic Translation of Languages 


. Pattern Recognition and Machine Learning 
Pattern recognition 
Proving theorems 
Machine learning 


VI. Computer Techniques of the Future 

A listing of the 54 papers to be 
heard at technical sessions indicates 
some of the main areas of data interest 
around the world. U.S. engineers 
dominate the program, with 22 papers; 
the United Kingdom follows with 
seven, Russian engineers with six, and 
Germany, France and Japan each with 
four presentations. 

U.S. papers predominate in the ses- 
sion on proving theorems, error ap- 
proximation, and machine learning. 

Heavy Russian emphasis is found in 
the sessions on logical design in gen- 
eral, common symbolic language for 
digital computers, automatic transla- 
tion of languages, and pattern recogni- 
tion and machine learning. 

United Kingdom representation is 
spread throughout the meeting with 
two papers being presented in the 
machine learning session. Half of the 
French papers cover methods of solv- 
ing equations; half the Japanese papers 
cover high-speed computation. 








PLASTICOTE® ‘THRIF-T-BOND BONDED, TINNED HOOK-UP WIRE 


What you get out of any length of wire or cable depends entirely upon what goes into it. We’re not just 
talking about electrical properties, either. This new Plasticote “Thrif-T-Bond” Hook-Up Wire is a good 
example. A special overcoating process bonds the tinned strands together so they won’t fray out, giving 
the user the workability of solid conductor wire with the flexibilty of stranding ... ideal for fine wire 
terminations in tight quarters, on all miniaturized components. The overcoating also eliminates the need 
for expensive induction heating equipment to bond wire during stripping operations 
... Simplifying preparation, cutting labor costs, saving time. It’s thinking like this that 
makes Chester Plasticote wire and cable a preferred brand in electronics . . . for elec- 
tronics men know that Chester wire and cable is custom engineered for the END result! 


CHESTER CABLE CORP., CHESTER, NEW YORK 


A SUBSIDIARY OF MIAMI COPPER COMPANY 








Complete data on “Thrif-T- 
Wiieeibeen|| Bond” and other custom 
i] constructions is available 
i] on request, but the story 
i] of this wire begins with 
| Chester facilities. Ask 
| for this new booklet, too. 


Specify Chester Wire and Cable For All Your Electronic Equipment Needs 
Coaxial Cables « Hook-Up Wire + Multi-Conductor Cable + Appliance Wire « Audio Wire + Miniature Wire and Cable + High Voltage 
Wires « High Frequency Wires + Antenna Loop Wire » Annunciator Wire « Telephone Wires and Cables « Television Transmission Lines 
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NUMERICAL 
READOUT 


NIXIE® TUBE 


STANDARD — 85031 


MINIATURE — 84032 





You! ultra 


iong life 


STATIC LIFE — 5,000 HOURS 
(on one number) 


ALL ELECTRONIC IN-LINE READOUT 
CONTAINING TEN DIGITS “O” THRU “9” 


The Ultra Long Life Nixie Tube offers 
increased life for those applications 
requiring continuous display of one of 
the ten characters for extended periods 
of time. Under these stringent condi- 
tions a minimum of 5000 hours life on 
one numeral can be expected. Where 
the display is changed ey 2 poe even 
as infrequently as every 100 hours, life 
in excess of 25,000 hours can be 
expected, 


NIXIE Tube Exclusive Features: 


ALL ELECTRONIC 
LOWEST COST 

LOWEST POWER 
LIGHTEST WEIGHT 
MOST READABLE FOR 
NUMBER SIZE 
SMALLEST VOLUME AND 
NUMBER SIZE 


@ MAXIMUM TEMPERATURE, SHOCK 
AND VIBRATION SPECS 


@ AND NOW, LONGEST LIFE 
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AROUND THE BUSINESS LOOP 


What Will Control Spend? 


McGraw-Hill survey of business 
plans contains some answers, in- 
dicates sizable investments, par- 
ticularly by machinery firms. 
The table on this page was drawn 
from information in the 12th Annual 
McGraw-Hill Survey of Business Plans 
for New Plants and Equipment, re- 
leased last April. The survey contains 
many more production categories than 
the five listed here; these are all more 
or less in the control field, and are 
introduced in this tabular form to 
indicate the frequency with which 


1962. Machinery, and every other in- 
dustry listed in the table—every one in 
the survey, in fact, except “other met- 
al-working” and paper & pulp—antici- 
pate larger increases in sales over the 
period 1959-62 than in capacity. 

Only electrical machinery, with 20 
percent, is ahead of machinery in 
increases expected in manufacturing 
employment between 1959 and 1962. 
Machinery’s own expectation: 19 per- 
cent. This industry's research and 
development expenditure plans for 
1959 are also big, come to $654 mil- 
lion; and it has one of the three 
highest dollar totals consigned to 
R&D. Its figure: $60 million. 





CAPITAL SPENDING IN CONTROLS 
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Dollar totals for R & D 


they show up in_high-percentage 
illustrations. 

Machinery appears in every section 
but two. It represents one of just 
four industries in which there are 
companies that reportedly will spend 
more for expansion this year than 
last; most industries have earmarked 
less improvement money for expan- 
sion, as compared to modernization, 
than at any time since 1950. 

°*A big investor—Machinery also 
will be one of the biggest investors 
in new plants and equipment, will 
lay out at least $1 billion a year begin- 
ning with 1960. Like other industries 
hit hard by the recession, it is expect- 
ing large percentage gains in sales, 
looks for a 9 percent rise this year and 
a 29 percent rise between now and 


¢ More money for instruments—The 
instrument industry is another one 
that expects to spend more for expan- 
sion this year than in 1958, will also 
soup up spending for research. By 
1962, the R&D outlay by instrument 
companies will probably be 34 percent 
over what it was in 1958. 

Manufacturing companies, on the 
average, were operating at 80 percent 
of capacity at the end of 1958, the 
survey reports. Also on the average, 
they plan to expand this capacity 
at a rate of 4 percent a year; but 
individual industries, of course, will 
expand faster. Electrical machinery, 
for example, plans a 16 percent in- 
crease in 1959, only 3 percent behind 
chemicals and paper & pulp. 

Electrical machinery companies ex- 





NO OTHER ae COUNTERS PROVIDE 


DIRECTLY 
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TEN INDIVIDUAL OUTPUTS 
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Burroughs Visual and Electronic Error Free Decade Counters are other components. Such features include: 

based on the unique properties of the Beam Switching Tube e Ultra reliable operations at one megacycle and over 
wherein a single cathode controls an electron beam to 10 out- e Electronic resetting in less than 1 microsecond 

puts. In contrast to other types of counters, the Beam Switching e Electrical output in each of its 10 positions 

Tube output is directly capable of driving an in-line indicator e Provisions for BOTH LOCAL AND REMOTE INDICATORS 
such as the Nixié’Tube. This complete line of seven counter e Extreme noise insensitivity 

types is designed for maximum reliability while providing ad- e Minimum components and power consumption 

vanced electrical characteristics not readily obtainable with Write for eight pages of circuit information — Bul. 826A. 


‘ 


“Sie, . 
DC 106B DC 101 DC 105, DC 106A DC 130 — Mil Spec Counter 
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CUT LAB EQUIPMENT COSTS IN HALF 


wR ART 


3G toma ice), louse 


The Heathkit Mode! OP-1 Professional 
5° DC Oscilloscope is an example of 
the top quality test instruments avail- 
able from Heath at % the price you 
would expect to pay. This feature- 
packed kit selis complete for only 
$179.95. 


Heathkits give you twice as much equipment 
for every dollar invested. 


The Heathkit Model V-7A is the 
world’s largest selling VTVM. 
Precision 1% resistors are used in 
the voltage divider circuit for high 
accuracy and an etched circuit 
board simplifies assembly and 
cuts construction time in half 
Price of this outstanding kit is 
only $25.95. 


The Heathkit Model PS-4 Variable 
Voitage Regulated Power Supply 
Kit is another outstanding ex- 
ample of Heath Company engi- 
neering ingenuity. Truly profes- 
sional in performance as well as 
appearance yet it costs only $54.95, 


Mail the coupon today 
for the latest catalog 
describing over 100 
easy-to-build, high quality 
electronic kits. 
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Stretch your test equipment budget 
by using HEATHKIT instruments 
in your laboratory or on your pro- 
duction line. Get high quality equip- 
ment without paying the usual 
premium price by letting engineers 
or technicians assemble Heathkits 
between rush periods. Compre- 
hensive step-by-step instructions 
insure minimum construction time. 
You'll get more equipment for the 
same investment and be able to fill 
any requirement by choosing from 
more than 100 different electronic 
kits by Heath. These are the most 
popular “‘do-it-yourself’’ kits in the 
world, so why not investigate their 
possibilities in your business. Send 
today for the free Heathkit catalog! 


ALL PRICES F.0.8. BENTON HARBOR, MICH. PRICES AND SPECIFI- 
CATIONS ARE SUBJECT TO CHANGE WITHOUT NOTICE 


HEATH COMPANY 


a subsidiary of Daystrom, Inc. 


Benton Harbor 36, Michigan 
Please send the latest Free Heathkit Catalog. 


NAME 





ADDRESS 





city ZONE STATE 
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pect only an 8 percent rise in sales 
gains this year, but in the next three 
years will overtake machinery, estab- 
lish gains of 30 percent. 

¢ Aircraft high in R&D—Of all the 
industries in the survey, not just the 
ones tabulated, aircraft and electrical 
equipment continue to pigeonhole the 
most money for R&D expenses. Air- 
craft companies will spend $3.3 
billion for research in 1959, and elec- 
trical equipment firms will lay out 
$1.6 billion. In addition, the latter 
group is expanding its research pro- 
grams faster than any other in the 
entire survey, plans a 14 percent in- 
crease in this effort this year and 
another 33 percent by 1962. 

In a short section on depreciation, 
the survey remarked that deprecia- 
tion charges now account for about 
two-thirds of capital spending—shortly 
after the war, they were responsible 
for only one-third—and are the largest 
source of corporate funds today. 


Small and Medium Users 
Target of GE Rental Plan 


GE has put into operation an instru- 
mental-rental plan designed for the 
short-term user. More than 13,000 
measuring instruments, including leak 
detectors, temperature gages, flow 
meters, pressure recorders and thou- 
sands of others, have been pooled for 
distribution by the company’s nation- 
wide network of service shops. Prin- 
cipal customer is expected to be the 
small and medium-sized manufac- 
turer, the man who would lose more 
than he stands to make if he bought 
all his equipment outright. 

Free repair service is part of the 
new program, in which monthly rental 
fees range from one dollar to $96, 
average $16. Confident its invest- 
ment, amounting to several million 
dollars, will pay off handsomely as 
long as the demand for new instru- 
ments keeps increasing, GE has pro- 
vided other attractions, too. Among 
them: calibration and standardization, 
design and manufacture of prototypes, 
and consultation on in-plant engineer- 
ing of instrumentation systems. 


* * * 


Mid-Eastern Electronics, Inc., of 
Springfield, N.J., has an equipment- 
rental program under way with an 
option-to-buy feature. The company 
will repair its equipment at no charge 
during the initial period of the lease, 
asks 10 percent of the purchase price 
by way of rental each month and a 





Skinner introduces Two-Way Solenoid 
Valve for Control of High Pressures 


New High li ieseath Models just added 
to the Skinner two-way Type R series 
line of pilot-operated solenoid valves 
are offered in two-way normally closed 
construction only. Orifice size is 4%” 
diameter with 4” NPT ports. Operat- 
ing pressure differentials: 5 to 1250 psi 
on AC voltages and 5 to 1000 psi on 
DC voltages. Designed for use with 
such media as air, oil, water and semi- 
corrosive liquids. 


Standard Pressure Two-way R Series 
Valves. These two-way valves are 
available in standard and explosion- 
proof construction, normally open or 
normally closed. Pressure operating 
differentials are 5 to 200 psi for nor- 
mally closed and 5 to 150 psi for nor- 
mally open. 








NAAN 


Features. New Skinner Models are 
built to U. L. requirements in standard 
and explosion-proof construction. V5- 
2H type solenoid operator contains 
stainless steel internal parts to resist 
corrosion. Valve body is forged naval 
brass and contains stainless-steel pis- 
ton assembly, precision machined to 
close tolerances for positive opening 
and closing of the main orifice. 


Many Desirable Features: Standard 
pressure R series two-way valves have 
V5 type operator; stainless steel inter- 
nal parts; naval brass body; stainless- 
steel piston assembly; soft synthetic in- 
serts for bubbletight operation. Nor- 
mally open models have piped-body 
return. Valve can be mounted in any 
position. 





Variety of Coil Voltages. Standard 
coils, built to U. L. standards, are var- 
nish-impregnated and moisture-resist- 
ant. Molded waterproof coils are 
available that will even operate under 
water and are resistant to fungus 
growth. Coils are available in wide 
range of voltages and frequencies. 


| Ee wast oy Fears | 
>. o. 


Custom Installation with these Op- 
tions. There is a large selection of 
electrical housings that can be rotated 
360° for easy connecting. Also avail- 
able is manual override that permits 
opening or closing the valve in the 
event of current failure. 


Skinner Solenoid Valves are distributed nationally. 


For complete information, contact a Skinner Representative listed in the Yellow Pages or write us at Dept. 346. 


 SRINNER 


LZCTRI 


VALVES 


THE CREST OF QuaLity THE SKINNER ELECTRIC VALVE DIVISION + NEW BRITAIN, CONNECTICUT 
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THE COUNTER-TIMER 


[hate 5 Ways Better 


SIMPLER. .. the use of highly reliable glow transfer tubes results 
in greatly simplified scaling and read-out circuitry. Unique gating 
circuitry eliminates many binaries. 


SMALLER. | circuit simplicity and ingenious packaging tech- 
niques permit entire unit to mount behind a standard 34” rack panel 
... Measures only 34%” x 19”x 10” deep. 


LIGHTER __ weighs only 15 pounds... ideal for portable check- 
out and testing. 


REQUIRES LESS POWER... only 75 watts. Because 
lower power means less heat, there’s no need for noisy fans or 
periodic cleaning of air filters. 


LOWER COST... only $695.00 (f.0.b. Hawthorne)—up to 4 
less than ordinary permuted-binary counting units. 


Where you require fast, accurate counting (up to 100,000 cps.), 
timing (.5MS to 278 hours), or a frequency of any parameter that 
can be digitized, choose an Erie 400 Digital Counter-Timer. It’s one 
of the ERIE-PACIFIC Family of advanced digital 

instruments for widely diversified industrial 

and laboratory use. 


Write for literature and name of your nearest ERIE- 
PACIFIC sales engineer. 


Openings now ror engineers qualified in electronic digital instruments and systems. 


ERIE PACIFIC DIVISION 


ge ERIE RESISTOR CORPORATION 
12932 Webs Way, Hawthorne, Calif 
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final 10 percent to complete purchase 
at the end of a year. Equipment may 
also be leased indefinitely at a rate of 
1 percent of the purchase price per 
month, or returned. After a year re- 
pairs will be paid for by the user. 


Servomech, LFE 
Merger Shapes Up 


In the course of a candid appraisal 
of itself, directed to its employees 
through the company organ, “Mecha 
News’, Servomechanisms, Inc., _re- 
ferred to an approaching merger with 
Laboratory for Electronics. Though 
it used such phrases as “poor show* 
ing” in describing its progress in 1958, 
and in no way attempted to belittle 
its bad fortunes, Servomech made it 
perfectly clear that it was heading 
in a new course for only one purpose: 
to grow and prosper. 

When it gets on its new footing 
with LFE> possibly this summer, 
Servomech will be partaking in a $40 
million a year sales operation employ- 
ing 2,500. Its rapid recovery from 
the 1958 blow—a net income loss of 
$43,000, a 26.7 percent drop in net 
sales, from $23.6 million to $17.3 mil- 
lion—is already well under way. Last 
January, a good month for the Long 
Island company and the first in its 
fiscal year, new orders were brisk. By 
March, they totaled over $2.5 million. 

Terms of the merger now being 
considered by the boards of both LFE 
and Servomech include an exchange 
of 23 shares of stock of the latter com- 
pany for one share of LFE’s. Agree- 
ment will result in a coast-to-coast 
manufacturing and sales force special- 
izing in electronic navigational and 
radar systems and electromechanical 
systems and components. 


Neptune Consolidates Revere, 
Electronic Signal, Hot Spot 


Neptune Meter Co. has consoli- 
dated three subsidiaries, Revere Corp. 
of America, The Electronic Signal 
Co., and Hot Spot Detector, Inc., 
into a new Electro-Mechanical Div. 
under Don C. Stixrood, who will 
continue as president of Hot Spot. 
The new division manufactures tem- 
perature monitoring and aeration de- 
vices (Hot Spot), highway toll collec- 
tion, control, and data-processing 
systems (Electronic Signal), and sys- 
tems and components for aviation and 
electronic weighing (Revere). 
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New Clary Form Printer records data 
On pre-printed forms! Mine Srvc 


tickets, inspection forms, labels and tapes! You may put whatever headings you want 
on these forms, and the Clary Form Printer will automatically print data under the 
appropriate headings. This saves time and avoids recording errors, for it eliminates 
signature blocks and the need to write in on the recording document just what the data 
represent@ In addition, this amazing device prints the original document and three 
copies...provides automatic ticket ejection to “tear-off” point...prints up to 12 digits 
of information per line at speeds up to 24 lines per second...and is available with a 
separate date-printing mechanism, a sequential document-numbering system and an 
electrical output for tape punches and other recording devices @ For more information 
on the Clary Model 1941 Form Printer, write today for Engineering Bulletin No S-112@ 
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To Evaluate Automation 


National Planning Association 
spells out fears and hopes about 
the new technology, concludes 
that a cautious study must pre- 
cede any action. 


The National Planning Associa- 
tion describes itself as “the only 
organization which brings together 
leaders of the major economic groups 
—agriculture, business, labor, and the 
professions—to develop practical, work- 
able solutions to many of the immedi- 
ate and long-range economic problems 
that face all Americans”. Nonprofit 
and nonpolitical, the Washington, 
D. C., association is a strong cham- 
pion of the printed word, publishes 
and sells more than 100 books and 
pamphlets in the areas mentioned. 

Last month, NPA released a 64-page 
pamphlet entitled “Automation: Its 
Impact on Business and Labor; the 
Outline of a Study”. Direct sponsor 
of the pamphlet was NPA’s Spe- 
cial Committee on Automation, a 
group made up of labor and business 
officials that has been in existence for 
several years. To author its findings 
and to state its policy, the group re- 
tained John Diebold, of John Diebold 
& Associates, Inc., Wall Street auto- 
mation management consultants. 

*Two studies under way—During 
the next six months, two government 
committees, one headed by Vice- 
President Nixon and the other by 
officers of the Joint Economic Com- 
mittee for Congress, will be examining 
the automation-productivity complex. 
This report comes, therefore, at a time 
when official interest in the impact of 
automation is reviving. Whether it 
will be read by the two investigating 
groups is hard to say; but it is certain 
that NPA believes its report should 
be a basis for any serious study of the 
new technology, economic, sociolo- 
gical, or otherwise. 

In its policy statement, which pre- 
cedes the report but is essentially a 
conclusion to it, NPA has this to say: 

. some study of automation is 
required before the effects of automa- 
tion can be pointed to as a basis of 
national policy decisions on sore of 
these vital matters. This is not to say 
that the policies that have been sug- 
gested by labor, business, and govern- 
ment should stand still pending the 
results of such a study. These policies 
may be completely warranted by fac- 
tors other than automation. It does 
mean that until more is known about 

it, automation should not be used as a 





versatile unit in 
Foxboro’s exclusive 100% solid-state 
electronic control system 


Indicating | 
Transmitter 


e local indication — 


independent of power supply 
e magnetic amplification 


for greatest reliability 


An electronic transmitter, with local 
indication, for long-distance trans- 
mission of a wide variety of process 
measurements — that’s the Foxboro 
Type 630 Consotrol Transmitter. 
The Type 630 operates with stand- 
ard Foxboro measuring elements. Its 
magnetic amplifier delivers a high 
level (10-50 ma) d-c signal — unaf- 
fected by a-c pick-up and ambient 
temperature variations. Indicator, 
and optional local alarms, work 


directly from mechanical primary 
element. Standard instrument is 
weatherproof — optionally available 
for use in hazardous area. 

Write today for Bulletin 21-10. It 
describes the Type 630 Indicating 
Transmitter in detail, as well as the 
many other instruments in the 100% 
solid-state Foxboro Electronic Con- 
sotrol System. 

The Foxboro Company, 366 Nor- 


folk Street, Foxboro, Massachusetts. 
*Reg. U. S. Pat. Off. 





FOXBORO 


REG. U.S. PAT. OFF. 


ELECTRONIC CONSOTROL INSTRUMENTATION 
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FOR FLOW AND LIQUID LEVEL 
differential pressure diaphragm-bel- 
lows elements . .. ranges between 
20 and 200 inches of water. 


FOR PRESSURE 

diaphragm, bellows, and bourdon- 
type elements .. . ranges between 
10 inches of water and 80,000 psi 


FOR TEMPERATURE 

liquid filled, vapor pressure, and gas 
filled thermal systems ... ranges 
between —450F and +-1000F 


for every function 
in the control loop 
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} Mm 4 je reason for advocating or opposing 
these actions. It also means that the 


study proposed in this statement 
Pp ° should be undertaken in the imme- 
| @) t C © n t r @) eC r diate future, for automation’s spread 
will not halt in anticipation of the 
findings. 
hu ¢A worthwhile report—As a whole, 
eat the report is an eloquent appraisal of 
the current status of automation, and 
in this respect it serves a worthwhile 
end. But frequently the report be- 
comes a platform for airing not pres- 
ent attitudes, but many of the old, 
familiar ones, and this tends to befog 
its expressed purpose, which is to show 
that more facts are needed before 
automation’s impact on the future can 
be predicted. 

One observation has it that the la- 
bor and the business factions of the 
NPA committee are divided over what 
to do about automation. This may be 
so, but there is little in the report to 
indicate more respect for one faction 
than the other, despite an occasional 
“I” to give rise to the suspicion that 
opinions expressed are not the NPA’s 
alone. 

That same observer says that the 
union members on the committee 
think the government should start 
now, to control the impact of automa- 
tion; that, as a whole, NPA believes 


Remote Control of Temperature or Pressure cine. thiiliee ot weuiadiion in vclevied 
: . . industries should come first. On the 
with RUE E Proportional Band Adjustment second point, the NPA line is this: 
. . . there are no facts about automa- 
Now, the simplest true proportional band adjust- tion, and . . . there is not even a 
ment in the field . . . a compact, inexpensive unit for ee antes ees Re 
positive remote control of temperature or pressure in persis ayy 2 cpa menage mpeg 
countless applications. Fast-response bulb sends point of setting national policies with 
three- to fifteen-pound air signal to control valve, regard to automation on the basis of 
damper actuator or other control device. Long-life conjecture and myth. We owe it to 
dependability ends pilot control headaches. Avail- ourselves and our national survival to 


able as “blind” or indicating controller. find out what we can really expect 
from automation. Then, and only 


. then, can we act. 
Convenient knob adjustment And farther on: 





FultroPilot 
Series 1135 


Low air consumption = i Automation is only one of the 
many complex interlocking factors 
| that shape the economy. We cannot 
Simple field reversibility ae study all of the factors that make up 
the economy, but we can make an in- 
dustry by industry study of what auto- 
Any 50° range, —20° F. to +380° F. Can be supplied mation has meant so far, and so fore 
Pressure: 3-35 psi; 5-75 psi; 15-150 psi. factory mounted see with some certainty, what it is 

on control valve likely to mean in the future. We do 
know that the potential impact of 
FOR COMPLETE INFORMATION, WRITE FOR BULLETIN LW-113 automation is such that we cannot dis- 
regard planning for it. We do not 


yet have complete enough informa- 

(Al tion to plan for the kind of action 
ore | if automation will require from indus- 

S ow try, labor, and government. It is for 

the sake of this information that I 


han ¥N “nme d 
cm \y here propose an initial study of the 


ee del hi oltdel TaN — consequences of automa. 
Mi Controls . 


*Labor’s strong case~The report is 
FULTON SYLPHON DIVISION ¢« Knoxville 1, Tennessee probably quite correct in observing 
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Small, highly sensitive element 


True proportional response —2_b— 








“No man 


can improve 


an original invention...” 
—William Blake 


Tuer are many scientists today who would 
argue this point with Blake. 


At Bell Telephone Laboratories, for example, 
we have seen original inventions improved 
and re-improved countless times, the better 
to serve mankind. 


But William Blake went on to say “... 

nor can an original invention exist without 
execution organized, delineated and 
articulated.” Here Blake expressed ideas 
that apply with striking emphasis today. 

At Bell Laboratories organized effort is 
constantly aimed at fostering an 
environment in which inventions can exist 
and prosper, where they can be 

expressed either as ideas or in physical 
form, and where clear understanding 

of their principles can be achieved. 


By helping scientists and engineers to 
reach for the things they seek, by 
organizing and coordinating their efforts, 
Bell Laboratories has made important 
contributions to the art of communications: 
proof of the wave nature of the electron, 





first research in radio astronomy, discovery of 





the transistor principle, invention of the 





feedback amplifier. Such ventures into the 





unknown have twice brought the Nobel Prize to 
Bell Laboratories scientists, and at the same time 
have helped create the most efficient and versatile 
telephone system ever known. 


William Blake (1757-1827), a versatile genius, was 
famous for brilliant, sometimes prophetic, insights which 
he expressed with provocative beauty in drawing, painting, 
poetry and prose. 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 


JUNE 





It’s not easy these days to find 

a relay as ideally suited to fast, 
one-way, non-stop journeys as 
Morton P. Rodentia is. Morton’s 
now-famous travels have proved 
conclusively that he can stand 30g 
vibration to 5000 cycles while 
functioning, and shocks as high as 
100 g do not even disturb his derby. 
The triumphant expression springs 
from his latest discovery —the Sigma 
Series 33 relay with vibration and 
shock ratings as good as his own, and a sensitivity of 200 mw to boot. 
As a matter of fact, this is the only switch with these specs 

Morton could find that also would fit into his 0.8"x 0.4"x 0.9" attache 
case. When last heard from, Dr. Rodentia (hon. Ph. D., Solid State U.) 
was dickering over delivery schedules with the supplier. 


available 
astronauts 


(30 g TO 5000 CYCLES—200 mw 
—TO SCALE) 





With its prime customer 
taken care of, Sigmais now 
ready to do business with 
anyone interested in these 
Series 33 relays. Similar in VIBRATION 30g to 5000 cps with no contact 
appearance to the perhaps opening (energized or de-energized) 
better-known Series 32 SHOCK, CONSTANT ACCEL. 100g does not cause damage or 
magnetic latching relay, open contacts (energized or de- 


i ized) 
the "33" is a non-latching energiz 
DPDT relay. Switching is SENSITIVITY Operate 200 mw, release 2 mw. 


. CONTACT RATING 2 amperes at 28 VDC/120VAC, re- 
accomplished by a signal 


sistive load, for 100,000 operations 
of the correct polarity and min. at 125°C max. 
magnitude(SigmaFormY). SPEED Operate time 2 to 20 ms, depending 
Specs of major interest on overdrive; 


sen on Oe d Release time 2.5 ms, max. 
Cnows ane are OPERATING TEMP. RANGE —65°C. to +125°C. 
further discussed in a pre- 


limi bulleti ilabl CONNECTIONS Plug-in, hook terminals or 3” leads 
pomaperesad ag Ceaaee MOUNTING Flange or stud 
iat ata ENCLOSURE Hermetically sealed 


SERIES 33 RELAY 











fr SIGMA 


SIGMA INSTRUMENTS, INC. 
69 Pearl St., So. Braintree 85, Mass. 


AN AFFILIATE OF THE FISHER-PIERCE CO. (since 1998) 
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that labor is in a stronger position, in 
its pessimistic view toward automa- 
tion, than business is, in its optimistic 
one. As the faction that seeks to curb 
automation now, before a careful 
study can be made, it has a definite 
program to champion: a higher mini- 
mum wage, a guaranteed annual wage, 
a four-day week, other specific bene- 
fits, and, eventually, a hand in con- 
trolling the investments in automa- 
tion. “The opponents of these 
viewpoints,” the report says, “have 
nothing concrete to offer, and they are 
constantly on the defensive.” 


For IBM, a 3 for 2 Stock 
Split, Rise in New Orders 


On April 28th, stockholders of IBM 
approved the seventh stock split in the 
history of the company. This one, 
which promises three shares of capital 
stock outstanding for every two held, 
or one-half for one, went virtually 
hand in hand with a cash dividend of 
50 cents per share, including the 
shares issued in the split. IBM had 
been paying 65 cents quarterly on the 
stock outstanding before the split. 

The day directors proposed the 
stock split for the company’s 75,000 
shareholders, The New York Times 
reported IBM stock hit 543 on the 
New York Stock Exchange, closed at 
this price for a gain of 244 points. 

There was more good news for 
IBM stockholders earlier in April, in 
the report by President Thomas J. 
Watson Jr. covering the first quarter 
of the new fiscal year. In previous 
reports, Watson had urged the stock- 
hoklers to accept a reduction in new 
orders as a sign of the lessening of 
business activity throughout the coun- 
try. Now: In recent months, incoming 
orders have started to improve over 
the rate experienced in 1958, and in- 
coming orders and production are cur- 
rently in balance.” 

* * * 

About two weeks before IBM acted, 
another company, American Tele- 
phone & Telegraph, asked for and got 
from its stockholders the okay to go 
ahead and split its stock three for one. 
A resounding “yes” (more than 99 
percent voted for the split, most of 
them, of course, by proxy) came at 
the end of a busy day for the 12,000 
who attended AT&T’s spectacular an- 
nual meeting in New York’s Kings- 
bridge Armory. 

The split was the first in the giant 
company’s history. A total of 59,- 
387,892 voted for it, and only 542,809 
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Engineer sets up a problem on patch panel control center of a PACE 231-R Analog 
Computer System made by Electronic Associates, Inc., Long Branch, New Jersey. 


ELECTRONIC 
ASSOCIATES 


Cpecoyboraled 


Accurate and efficient computer operation 
permits no compromise on component 
quality. That’s why Electronic Associates, 
Inc.—pioneer and leader in analog com- 
puter development and manufacture — 
specifies only materials of proved relia- 
bility for its Precision Analog Computing 
Equipment. In line with this policy, Tung- 
Sol tubes hold important posts in the 
231-R and other EAI PACE systems. 


EAI’s experience matches that of the 
many other manufacturers who rely on 
Tung-Sol tubes. EAI requires tubes that 
consistently contribute high-grade de- 
pendability to operating efficiency. Special 


Tung-Sol electron tubes fill 


computers! 


‘musts’ for EAI computers are electrical 
stability and ability to handle initial cur- 
rent surges. Tung-Sol tubes have satisfac- 
torily demonstrated these characteristics. 


If your design calls for tubes or semi- 
conductors, or combines both, specify 
Tung-Sol! Past performance in electronic 
equipment of all types—computers, com- 
munications, radar, industrial—lets you 
do so with full assurance of full-life 
dependability. For data on Tung-Sol tubes 
and semiconductors and how they can 
be applied most efficiently in your circuit, 
contact: Tung-Sol Electric Inc., Newark 
4, New Jersey. 


(s) TUNG-SOL 
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Pioneers in potentiometer transducers for position, pressure ai 
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new Bourns angular 
position transducers 


Infinite Resolution/ 

Stable High Signal Level — 

AC & DC/10,000,000 

cycle life—no sliding contacts/ 
Vibration to +35G; shock to 100CG 


New position transducer line 
designed for high accuracy 
servo-systems requiring infinite 
resolution—high sensitivity. 
Differential transformer output 
signal for AC circuits. Available 
with integral demodulator 

for DC circuits. 


Model 2200 (with 


v 
Vv 


+ 


Write for complete technical data 





BOURNS 
Inc. 
P.O. Box 2112F, Riverside, Calif. 


Field Engineering Offices: 
L.1L, New York, and Dallas, Texas 
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acceleration. 
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voted against it. While they acted 
to boost the number of outstanding 
shares from 100 million to 300 mil- 
lion, TV and motion-picture cameras 
ground away and AT&T totaled up 
a meeting bill of about $100,000. 


GE Cut Prices Again on 
Silicon Controlled Rectifiers 


GE has reduced prices again—this 
time from 6 to 44 percent—on its two 
lines of silicon controlled rectifiers, 
the solid-state thyratron it adopted 
from a Bell.Labs design in 1957 
and put into commercial production 
the following year (CtE, April, p. 79). 
Both the 16-amp and the 10-amp lines 
have voltage ratings of from 25 to 
300 volts. The price spread on the 
16-amp line is from $27 to $115 in 
quantity lots, on the 10-amp line, 
$20 to $90. Increased production 
and improved yields were cited to 
explain the reductions. 


Honeywell Fans Out to 
Serve Its DP Customers 


To speed service on its electronic 
data-processing systems, Minneapolis- 
Honeywell has located systems and 
methods analysts, sales personnel, and 
customers training instructors in its 
branch offices in New York, Chicago, 
Boston, Washington, and Los Angeles. 
Main credit for the expansion and 
decentralization goes to Honeywell’s 
new 800 electronic systems, a “second- 
generation” computer that handles 
both business and scientific problems 
and features “parallel processing”’. 
Response to the announcement of this 
new unit has been gratifyingly heavy. 
The first installation, for the Associ- 
ated Hospital Service of New York, 
will be operative by Oct. 1, 1960. 


Moog Markets Its Stock, 
Becomes Moog Servocontrols 


Flying under new colors—it’s Moog 
Servocontrols, Inc., now—Moog Valve 
Co. recently put its stock on the open 
market for the first time. Offered 
were 70,000 shares held by Moog’s 
three principal officers, W. E. Moog, 
A. E. Moog, and L. H. Geyer, and 
60,000 shares in a new issue. The 
sale reduced the officers’ holdings 
from 78.2 to 54.7 percent, resulted 
in 500,000 shares of stock outstanding. 

Moog’s net sales for its last fiscal 
year, which ended in June 1958, to- 
taled $7,801,000 a 16 percent decline 





When you must have recording range out to 150 
cps... immediately visible, permanent traces in 
rectangular coordinates... a large number of chan- 
nels in the limited space of a mobile van or control 
room... and the flexibility of a variety of econom- 
ical preamps —a Sanborn 850 system is the one most 
practical answer to all these requirements. In air- 
craft and missile telemetering facilities, computer 
installations, test stand work and similar multi- 
channel recording applications, the ‘‘850’’ is proving 
its unique adaptability and practicality. 

You can unplug and change ‘‘850’’ preamplifiers 
in seconds to record a wide range of variables. Select 


THE ONLY 





by pushbutton any of nine electrically-controlled 
chart speeds from 0.25 mm to 100/sec. Observe and 
make notes on the convenient 8” vertical chart dis- 
play. Reload charts quickly and easily from the 
front. Every operating feature you want is backed 
up by the performance specifications you need —for 
the greatest possible recording usefulness. 

DC Coupling and Phase Sensitive Demodulator 
preamplifiers are now available. Carrier and Basic 
Chopper preamplifiers are now being prepared for 
production. A rack-mounted Master Oscillator Power 
Amplifier (MOPA) to supply Carrier and Chopper 
excitation is also in preparation. 


6- or 8S-CHANNEL 


DIRECT 


THAT OFFERS YOU 


Response to 150 cps 
...0.5% LINEARITY 


Wide choice ot 


WRITER 


SANBORN 


850 


SERIES 





ECONOMICAL PREAMPS 


INKLESS traces 
-RECTANGULAR coordinates 
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TWO POTENTIOMETER PRESSURE PICKUPS 


Designed for missile applications, these two pot pickups, the 4-380 for low pressure 
and the 4-381 for high pressure, are built to exceed severe environmental require- 
ments for in-flight measurements. Rugged construction provides both pickups with 
a high order of accuracy and reliability for missile work. 


Low Pressure Type 4-380 Measures absolute, 
gage, or differential pressures in ranges from 0 to 100 
psi. A miniaturized assembly of counter-balanced flexure 
pivot design is connected directly to the pressure sum- 
ming capsule and is capable of withstanding mechanical 
shocks up to 75 g’s without damage or calibration shift. 
The internal element is hermetically sealed and com- 
pletely isolated from the pressurizing media. 


High Pressure Fype 4-381 For extremely accurate 
pressure measurements, in the ranges from 0 to 100 
up to 0 to 5000 psi, this gage, absolute, or differential 
Bourdon-tube pickup incorporates a unique wiper arm 
which eliminates all mechanical multiplication linkages, 
thus enhancing the pickup’s repeatability and resistance 
to vibration. The pressure sensing element is oil im- 
mersed for damping and is isolated from the pressurizing 
media. The stainless steel case is fail safe to 7500 psi. 


For complete information, call your nearest CEC sales and 
service office or write for Bulletins 1604-X14 and 1611-X11. 


Transducer Division { +—C 


CONSOLIDATED ELECTRODYNAMICS /300 n. sierra madre villa, pasadena, california 


FOR EMPLOYMENT OPPORTUNITIES WITH THIS PROGRESSIVE COMPANY, WRITE DIRECTOR OF PERSONNEL 


CIRCLE 52 ON READER-SERVICE CARD 
60 CONTROL ENGINEERING 








| WHAT’S NEW 


from the previous year’s $9,299,000. 
Net income came to $115,000, a 
decrease of 76.2 percent from 1957’s 
$484,000. On Dec. 31, 1958, how- 
ever, with the present fiscal year only 
half over, net sales were already 
$4,616,000 and net income was 
$180,000. 

The offering price of the Moog 
stock was $15 per share. Employees 
received an option on 10,000 shares; 
the rest, 120,000 shares, went over 
the counter. 


Sterling Precision Opens 
New Gyro Test Facility 


Sterling Precision Corp. of Port 
Washington, N.Y., has _ established 
what it considers to be the only com- 
mercial gyro and inertial navigation 
test facility in the country. The 
$500,000 unit will be located in Cam- 
bridge, Mass., and operated by Ster- 
ling’s Instrument Div. Officers include 
J. J. Jarosh, director; Goddard Par- 
sons, assistant director; J. Kleiman, 
chief engineer, mechanical section; 
L. Renskers, chief engineer, electrical 
section; W. Clemons, environment; 
and A. Marciello, optical section. 


Mauchly Forming a Company 
in the Data-Processing Field 


John W. Mauchly, who recently 
resigned as director of research for the 
Remington-Rand Univac Div of 
Sperry Rand Corp., is reported to be 
forming his own company, Interna- 
tional Data Processing Corp. Further, 
he is said to be recruiting top person- 
nel from the Norwalk, Conn., branch 
of Sperry division. The report has it 
the new company will concentrate 
on consultation in the data processing 
field, later may do manufacturing. 


Other New Companies 


The Amerelay Corp., to manufac- 
ture microminiature relays for the 
military electronics market—in New 
Hyde Park, N.Y. Officers include 
Henry S. Krauss, president, and 
Michael A. Grundfest, vice-president 
for engineering. 

Alpha Corp., a Collins Radio Co. 
offspring staffed to design, construct, 
and install communications networks 
for today’s complex electronic systems 
—in Dallas Tex. Discussing the new 
subsidiary, President Arthur A. Collins 
said: “The increasing complexity of 
command and communication func- 
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Sola Constant Voltag 
Transformer which feed 
power supply’s rectifier. Wave 
shape is nearly square, permitting 
conservative loading of rectifier 


considerably simplifying ripple filterin 


Square-wave output of special transformer gives 
high efficiency in Sola’s regulated dc power supply 


Sola engineers (men with a keen eye for a trim wave 
shape) designed a special constant voltage transformer 
having nearly a square-wave output. Then they linked 
the transformer with two other components to produce a 
regulated dc power supply which has notable efficiency. 


They fed the regulated output of this transformer into 
a semiconductor rectifier . . . the low-peak characteristic 
of the square wave results in a conservative loading on 
the economical rectifier assembly. It can deliver con- 
siderable amounts of current as long as you don’t over- 
voltage it—and over-voltaging just doesn’t happen when 
the input to the rectifier is Sola-regulated to within +1%. 


The rectified voltage feeds into the third component 
in this happy combination—the high-capacitance filter. 
The capacitor’s filtering job is made easier because the 
rectified square wave contains a comparatively small 


amount of ripple. Final dc output from the filter has 
less than 1% rms ripple . . . for many applications there 
is no need for a voltage-dropping, efficiency-cutting 
choke coil. 


The Sola Constant Voltage DC Power Supply has 
output in the ampere range, regulates within +1% even 
under +10% line voltage variations, and is suitable for 
intermittent, variable, and pulse loads. It has low output 
impedance, is very compact, and provides about all you 
could ask for in maintenance-free dependability. 


Hundreds of ratings of these dc power supplies have 
been designed and produced to meet widely varying 
electrical and mechanical requirements of equipment 
manufacturers. In addition, there are six stock variable- 
output models and six stock fixed-output models with 
ratings from 24 volts at six amps to 250 volts at one amp. 


For complete data write for Bulletin 26F-DC 


Sola Electric Co., 4633 W. 16th St., Chicago 50, IIl., Bishop 2-1414 © Offices in principal cities © In Canada, Sola Electric (Canada) Ltd., 24 Canmotor Ave., Toronto 18, Ont. 
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Tape specs are getting 


tougher every year 


.but not too tough for Audiotape 


Keeping ahead of its customers is the only way a magnetic tape 
manufacturer can meet the rapidly rising standards being set for 
its product. And often the standards are as varied as they are 
exacting. Special slitting tolerances, coating thicknesses, base 
materials and magnetic oxides are rapidly becoming’ more usual 
than novel. Audio Devices’ battery of Automatic Certifiers is one 
of the unique means used to make sure EP Audiotape always meets 
customer specifications. 

Type EP Audiotape is the extra precision magnetic recording 
tape for applications in computing, automation, telemetering and 
seismography. The Automatic Certifier records and plays back 
every inch of the EP Audiotape under test. These tests can be so 
demanding that if the tape fails to reproduce a single test pulse 
out of the 40 million put on a single reel, the entire reel is rejected. 
There are no ifs, ands or buts. 

This is one of many special quality-control operations to which 
EP Audiotape is subjected. From raw materials to hermetically 
sealed containers, every reel gets individual attention. 

EP Audiotape quality is so well verified by instruments like the 
Automatic Certifier that every reel is guaranteed to be defect-free! 
For more information write for free Bulletin T112A. Write Dept. 
TC, Audio Devices, Inc., 444 Madison Avenue, New York 22, N. Y. 


tree EP 


AUDIO DEVICES, INC. 

444 Madison Ave., N. Y. 22, N. Y. 

In Hollywood: 840 N. Fairfax Ave. 

In Chicago: 5428 Milwaukee Ave. 

Export Dept.: 13 East 40th St., N. Y., 16 

Rectifier Division: 620 E. Dyer Rd., Santa Ana, Calif. 
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tions of electronic systems requires 
an organization capable of supplying 
the customer with a complete com- 
munication complex. This includes 
not only the electronic systems, but 
also a turn-key installation complete 
with buildings, roads, towers, and 
other necessary supporting structures 
for the project.” President of Alpha 
is Max W. Burrell, a Collins vice- 
president. 


Moscow Admits 
Rand Development 


Favored by “wonderful coopera- 
tion” on the part of their Russian 
hosts, a team of consultants from 
Rand Development Corp., led by 
President James Rand, recently 
opened a business office in Moscow. 
The object: to study Soviet technical 
and scientific developments for possi- 
ble use in the U. S. Opening of the 
new office climaxed a_half-month, 
first-hand look at U.S.S.R. progress by 
the Rand contingent, gave Rand a 
unique status among American con- 
cerns: only one other, American Ex- 
press, has the distinction of a Moscow 
branch. 

Most of what interests Rand in 
Russia is in the nature of control 
engineering developments. These in- 
clude: an information translation and 
reading machine that can store inter- 
nally as much material as there is now 
in the Lenin Library—which, appar- 
ently, can accommodate the annual 
world output of scientific and me- 
chanical literature; a refrigerator that 
has no moving parts and no vibration, 
because it is designed with semicon- 
ductor components; a constant-tem- 
perature container, also semiconduc- 
tor-designed. 

Capacity of the translation and 
reading machine is said to be limited 
only by the number of its long-term 
storage units. Said Rand: “It would 
take a five-story building to house it. 
It has not been completed, but prob- 
ably will be sometime this year.” He 
added, with respect to the entire ven- 
ture: “We've just scratched the sur- 
face so far.” 

It is difficult to estimate just how 
much, in dollars, Rand expects to 
make out of its latest expansion, but 
the figure could run into the millions. 
Its Moscow office, small as yet, is 
staffed with English-speaking Rus- 
sians supervised by a Russian-speaking 
American. Rand also has foreign of- 
fices in Dusseldorf, Geneva, and Paris. 

(Additional news, page 184) 














RELIABILITY 
INSIDE 
THE 

BLACK BOX* 








The Pot Thor’s thunder 
couldn’t shake! 


Only Fa:rchild’s “Pot” Could Meet the Specs for a Big 15G Jolt 
... Then Took 12G’s More as.a Safety Factor* 


When the prime contractor on the first 
guidance system for the Air Force Thor 
missile required a potentiometer that 
could take punishment Fairchild was 
called in. Fairchild’s sales engineer work- 
ing with one of Fairchild’s Customer Engi- 
neering Groups and the contractor’s 
Standards Engineers, developed the rug- 
ged 1” diameter precision 10-turn potenti- 
ometer on your right. 

This “pot” features a unique mechan- 
ical wiper tab drive perfected by Fairchild 
which is separate from the helical coil of 
resistance wire. This minimizes winding 
wear and electrical backlash thereby ex- 
tending life and accuracy. Fairchild’s de- 


sign also offers tight linearity tolerance, 
high temperature performance, low noise 
levels and is available in resistance ranges 
between 1K ohms and 2 megohms, and in 
diameters of %”, 1” and 1-13/16", 


The Fairchild potentiometer line is com- 
plete. It is the result of careful research 
and design, of rigid incoming materials 
inspection, of sub-assembly and final in- 
spection plus performance testing and 
environmental testing to destruction of 
random samples. 


Write or call for the new condensed 
catalog — Fairchild Controls Corporation, 
Components Division, Dept. 24C. 


*Fairchild’s Built-in SAFETY FACTORS Beyond the Specs for Reliability in Performance. 


RELIABILITY 


THE PROBLEM: A small, multi-turn potentiometer was . 
quired for the ‘‘biack box’’ in the Thor missile which had to 
withstand severe environmental conditions, and have 
acteristics of low noise with no discontinuity under vibration, 
shock and acceleration. 


THE SOLUTION: A special high: reliability design of the 
Fairchild standard type 920, 10-turn potentiometer, a design 
demanding the closest tolerances, selected materiais, and 
o— assembly techniques. The ‘result — a “pot” wh 

vered a safety factor beyond the specs that helps to 
5 reliability. 


Environmental Tests Contractors 


Specification 
2-2000 cps—156 
1006 

Constant 176 


In addition, the units were ay ~ at resonant peaks be- 
tween 2- cps from 25G to 50G for 15 minutes without 
electrical or mechanical degradation. 


COMPONENTS DIVISION 





CON TROLS CORPORATION 


Subsidiary of Fairchild Camera and Instrument Corporation 
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For direct measurement and control 


the meter is integrally 
mounted on indicators, 
indicating controllers, 
recorders, or recording 
controllers. 


For remote measurement and control 


Field-mounted transmitters, either ‘“‘blind’’ or indicating, 
can be used with remotely located indicators, recorders, 
and controllers. 


Bellows Meter 


i Field-Mounted 
Transmitter 





has applications unlimited 


Unequaled for accuracy, stability, versatility 
in flow and liquid level metering 


Here’s the most advanced meter body available 
today, with advantages never before found in flow 
and liquid level meters. Combine the new Honeywell 
Bellows Flow Meter with the instruments shown on 
the facing page for truly superior service in metering 
steam, water, gas, oil and other fluids. 


Some of its outstanding features: 


Sensitive and accurate—Sensitive to within 0.5% of full 
scale . . . calibrated accuracy +0.5% of full scale. 


Leakproof— Between liquid fill and process fluid. 


Automatically stabilized—Changes in meter body tem- 
perature or static pressure have no effect on output shaft 
position. Meter operates efficiently in ambient tempera- 
tures of minus 40°F to plus 250°F. 


Unmatched convenience features—Including fast range 
changing in the field . . . connections for both horizontal 
and vertical piping . . . quick calibration and adjustment 
... easy cleaning and servicing. 


High corrosion resistance —Seamless, stainless steel formed 
bellows give long, trouble-free service with virtually all 
process fluids. 


Fast, effective damping adjustment—New type pulsa- 
tion check with rectangular orifice permits essentially 
linear damping adjustment . . . and adjustment from out- 
side the meter body during operation. 


Transfer of liquid between opposing high and low- Models are available in many ranges, for both flow and 

pressure bellows converts differential pressure liquid level measurement and control. Get details on all 

measurement into motion. A torque tube assembly the features of the new Honeywell Bellows Flow Meter by 

carries the motion outside the meter body to an calling your nearby Honeywell field engineer today . . . 

instrument. Therefore, changes in differential pres- he’s as near as your phone. 

ree MINNEAPOLIS-HONEYWELL, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. 


Honeywell 
(| Fit on Coitiol 
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DELIVERED - thousands 
of missile APUs 


1. Solid propellant—hydraulic output 2. Liquid propellant—hydraulic and electric output 3. Solid propellant—electric and mechanical drive output 
4. Liquid propellant—hydraulic and electric output S. Solid propellant—hydraulic and electric output 
6. Solid propellant—hydraulic, electric and steering outputs 


AiResearch has designed, developed, 
manufactured and delivered thousands 
of missile accessory power units. Ex- 
tremely reliable and lightweight, these 
various solid and liquid monopropel- 
lant APUs are completely self-sustain- 
ing within the missile system. Designed 
to minimum space and weight require- 
ments, they are built to withstand high 
G loading and severe temperature 
extremes. 
The several units pic- 
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tured above provide hydraulic, elec- 
trical and/or steering surface control 
depending on the customer’s require- 
ment. Delivered horsepower ranges 
from 1.2 to 35 h.p. over hot gas oper- 
ating durations from 30 seconds to 20 
minutes. Electrical regulation is main- 
tained as closely as + 2%. A significant 
advance in missile APUs is unit #6 
pictured above. This package repre- 
sents the first integrated hydraulic and 

electrical power unit providing 


a steering surface actuation system. 

These tailored systems utilize the 
extensive hardware experience and 
complete laboratory, test and produc- 
tion facilities of AiResearch needed 
for quick and efficient quantity 
production of complex APU systems. 
AiResearch is the world’s largest and 
most experienced manufacturer of 
lightweight turbomachinery — the key 
component of its APU systems. Your 
inquiries are invited. 


AliResearch Manufacturing Divisions 


Los Angeles 45, California « Phoenix, Arizona 
Systems, Packages and Components for: AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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NEED A TAPE WORKHORSE? 


“SCOTCH” BRAND Sandwich Tapes 


wear longer, cut head maintenance even in digital work 
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Tote that tape—change that reel—clean that head! 
If your project atmosphere sometimes seems that 
way, “SCOTCH” BRAND Sandwich Tape comes to the 
rescue. How about the possibility of getting over 
50,000 passes out of a computer tape? And if that 
sounds attractive, consider the value in a tape that 
has no rub-off, won't give you any head build-up, 
drastically reduces maintenance and replacement 
on costly head assemblies. 

One user found that the simple change to 
“SCOTCH” BRAND Sandwich dramatically reduced 
head replacements. And—where heads previously 
had to be cleaned after every run, “SCOTCH” BRAND 
Sandwich Tape cut cleaning to once a week. 

The secret’s in the Sandwich—the high potency 
oxide magnetic coating is 
sandwiched between the tough 
polyester base and a thin pro- 
tective plastic layer. The coat- 
ing never contacts the head— 
you get smooth, low-friction 
tape movement, plus an end 
to rub-off, head build-up, and 
a reduction in erosion of the 
critical slit in the recording 
head. Though the 50 micro-inch protective layer 
causes some slight reduction in high frequency re- 
sponse, the plain facts are that Sandwich Tape 
packs up to 600 pulses per inch in digital work— 
has broad usage in AM, FM, or PDM applications. 

In “SCOTCH” BRAND Sandwich Tape you have a 
tape workhorse, pulling a big load over long dis- 
tances. One user reported fewer drop-outs with 
each successive pass. As his recording heads were 
cleaned, the contaminates proved to be in the sys- 
tem, not the tape. Speaking of drop-outs, beware 
the villainous cigarette—often a culprit. One care- 
less gesture and an ash can cause 40 to 60 drop-outs. 

Whatever your application — data reduction, 
acquisition or control programming — count on 
3M technology to create tape of higher uniformity 
and reliability for error-free performance. 

“SCOTCH” BRAND High Output Tape No. 128 
gives you top output at low frequencies, even under 
extremes of ambient temperatures. “SCOTCH” 
BRAND High Resolution Tape No. 159 lets you pack 
more bits per inch, offers extra playing time. Finally, 
for top performance at low cost per foot, “ScoTcH” 
BRAND Instrumentation Tapes Nos. 108 and 109 
remain the standard for the industry. 

Where there’s no margin for error, there’s no 
tape like “ScoTcH” BRAND. For more details, write 
Magnetic Products Div., 3M Company, St. Paul 6, 
Minn., or mail the reader inquiry card. © 1959 3M Co 


PLASTIC PROTECTIVE LAYER 





“SCOTCH” is a registered trademark of 3M Company, St. Paul 6, Minnesota. 
Export: 99 Park Avenue, New York, N.Y. In Canada: London, Ontario. 


SCOTCH BRAND MAGNETIC TAPE 


FOR INSTRUMENTATION 


Minnesota Jfinine ano Jffanuracturine company 
... WHERE RESEARCH IS THE KEY TO TOMORROW 
7 


CIRCLE 58 ON READER-SERVICE CARD JUNE 1959 67 

















Here is the low-cost, desk-side 
electronic digital computer 

you need for general design and 
achiev optimization 


aM of new products and cltaibaiadt 


’ Opevaltng from any convenient wall outlet, the compact, powerful 
LGP-30 will today furnish you with high-speed electronic compu- 
tation wherever you need it .. . will eliminate tedious hand calcu- 
lations ... help you free up more creative time. 


Combining large memory (4096 words) and stored-program 
operation, the LGP-30 gives you twice the capacity of any com- 
puter in its class, yet is by far the easiest to program in basic 
‘machine language. Simplified controls can be operated with only 
minimum computer experience. Answers are printed out directly 
—require no deciphering. Best of all, even with these many unique 
advantages, the LGP-30 is the lowest-priced complete computer 
you can buy. What’s more, auxiliary high-speed input—output 
equipment is available for system expansion. 

No expensive installation or air-conditioning required. Customer 
training is free. An extensive library of programs and sub-routines 
is available—as well as membership in an active users organiza- 
tion. Sales and service facilities are maintained coast-to-coast. 

For further information and specifications, write Royal McBee 
Corporation, Data Processing Division, Port Chester, N. Y. In 
Canada: The McBee Company, Ltd., 179 Bartley Drive, Toronto 16. 





‘ data processing division 
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HOW TO INCREASE DIF, 


SENSISTOR SILICON RESISTOR 
RESISTANCE RELATIVE TO 25°C 





FERENTIAL DC AMPLIFIER 


STABILITY WITH S@NS/§ or SILICON RESISTORS 


Low drift transistor amplifier circuit using 
sensistor silicon resistor gives drift per- 
formance superior to vacuum tube amplifiers 
for low source impedance applications. 


The sensistor silicon resistor has a unique positive tempera- 
ture coefficient of +0.7%/°C plus a constant rate of change 
as shown in the graph to the right. Over a 15°C temperature 
range, the sensistor silicon resistor’s temperature-resistance 
curve approaches linearity to an extent that allows its use as 
a compensating component in a differential D-C amplifier. 


This low drift amplifier finds a wide range of low source 
impedance applications in airborne telemetry where the 
performance of other types of D-C amplifiers is limited by 
weight requirements, acceleration, shock, and vibration. It is 
particularly useful with low level transducers such as thermo- 
couples, strain gages and accelerometers. 


DESIGN CONSIDERATIONS 


TI 2N338 silicon transistor provides excellent performance 
as a low drift DC amplifier when used in circuits such as the 
one shown above. 


For optimum performance keep (2R, + R,) as small as pos- 
sible, preferably less than 20000, and the collector currents 
of Q, and Q, should remain below 100 ,A. 


“TRADEMARK OF TEXAS INSTRUMENTS 


from THE WORLD'S LARGEST SEMICONDUCTOR PLANT 


Drift cancellation featured in an uncompensated differential 
configuration provides an amplifier with an equivalent 
input drift of 400 ,.V/°C or less with standard production 
transistors. 

Drifts as low as 6.V/°C will result if the compensating cir- 
cuit composed of Q,, sensistor resistor S and their biasing 
resistors is used with a matched pair of transistors. 


CIRCUIT OPERATION 


Sensistor resistor S and its biasing resistor R, serve as a 
voltage source which has an output linearly related to temper- 
ature...level potentiometer R, adjusts output voltage E, 
to zero when E,, is zero... potentiometer R, adjusts for 
minimum output drift due to ambient temperature changes. 
As temperature increases, the resistance value of S also 
increases causing the base of Q, to go more negative, thereby 
reducing the collector current of Q,. This temperature- 
dependent current is fed into the differential amplifier 
through R, 

Depending on the wiper position of R,, the correcting signal 
may be positive, negative or zero. When the wiper is centered, 
zero correction results. As temperature increases, output 
voltage E,, tends to go more positive if the R, wiper is placed 
nearer the Q, emitter and negative if the wiper is placed 
nearer Q,. The optimum setting for R, can be determined by 
cycling over the desired temperature range to give a minimum 
drift for changes in ambient temperature. 


TEXAS INSTRUMENTS 
INCORPORATED 


POST OFFICE BOX 312 13500 N. CENTRAL EXPRESSWAY 


DALLAS. TEXAS 
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CROSSBAR SWITCH 


THE NORTH CROSSBAR SWITCH PROVIDES GREATER INDUSTRIAL SWITCHING 
CAPACITY IN LESS SPACE-WITH TELEPHONE RELAY RELIABILITY—AT LESS COST! 


Designed and built on a matrix coordinate 10 x 12 
configuration, with up to +0 circuits per cross- 
point, providing sequential crosspoint selection 
for as many as 1200 switching points, the North 
Crossbar Switch is the most economical switch- 
gear available to do so much in so little space! 
Measuring only 22.95 inches long, by 5.35 inches 
wide and 8.67 inches high, two Crossbar Switches 
will easily mount side by side vertically in a 
standard 19 inch frame! 

The North Crossbar Switch is being used in 
analog and digital computer functions, as a 
memory device for programming and sequencing, 
for high traffic communications, machine tool 


control and programming, data storage and reduc- 
tion, digital to analog conversion, automatic test 
programming, computer readout, cable and cir- 
cuit testing, high capacity selector switching and 
a host of other industrial applications. 


Featuring multi-path selection, double wound 
hold coils, ball bearing pivot pins, the North 
Crossbar Switch requires minimum maintenance 
with virtually no moving parts or mechanical 
wear. Both mechanical life and contact life are 
in excess of 50 million operations! 


Select and hold magnet coils are available for 
operation on 24, 48 and 100 volts D.C. 


FOR ADDITIONAL DATA ON THE NORTH CROSSBAR SWITCH —write: 
INDUSTRIAL DIVISION 


NORTH ELECTRIC COMPANY (ui) ‘7E 


296 SOUTH MARKET ST., GALION, OHIO 
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now FISHER LEVEL-TROL® 


FOR 


ELECTRONIC 
SYSTEMS 


accurate 
external 
adjustment 


Delivers a proportional 1 to 5 milliampere dc signal 
through a 3000 + 500 ohm load. 


® Has plug-in converter with printed circuit. Conven- 
tional leads and unnecessary wiring are eliminated. 


This Fisher explosion-proof Electronic Level-Trol 
features external adjustment for proportional band 
and liquid level height, and incorporates extreme sim- 
plicity of design throughout. Silicon transistors and 
diodes are used instead of the conventional vacuum 
tubes. You do not need any additional parts to reverse 


Plug-in electronic converter assembly. 


action of the unit. With only .25% effect from 
+15% supply voltage change, line voltage fluctua- 


tion is of negligible effect. 


Fisher Bulletin F-85 will give you complete details on 
the Fisher Type 2300 Electronic Level-Trol. Send for it. 


Printed circuit of the converter assembly. 


IF 1T FLOWS THROUGH PIPE ANYWHERE IN THE WORLD... CHANCES ARE IT’S CONTROLLED BY... 
FISHER GOVERNOR COMPANY 


Marshalitown, lowa Woodstock, Ontario 
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CONTINENTAL EQUIPMENT CO. DIVISION, Coraopolis, Pennsyivania 


SINCE 1880 


JUNE 1959 





Space Technology Laboratories new corporate symbol represents a bright history in a stimulating age. STL has 
provided the over-all systems engineering and technical direction for the Air Force Ballistic Missile Program since it 
was assigned the highest national priority in 1954. Five years of accelerated effort produced epic advances in science 
and technology, and propelled the art of missilery through three distinct generations of progress. STL contributed 
technical leadership to the science/government/industry team which has built this solid, expandable foundation 
for future advances in space, and is daily adding new strength to our national security. « In addition to its major 
management functions,STL also conducts advanced space probe experiments for the Air Force at the direction of 
such agencies as NASA and ARPA. * To those scientists and engineers with capabilities in propulsion, electronics, 
thermodynamics, aerodynamics, structures, astrophysics, computer technology, and other related fields and 


disciplines, STL now offers unique professional opportunities. Inquiries regarding staff positions at STL are invited. 


a new symbol 


for a new era of 


technology 


Space Technology / Laboratories, Inc. v.0.80x 95004, LOS ANGELES 45, CALIFORNIA 
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“MR RELAY 
WITH 
| CONFIDENCE 





for a host of control applications 


RELIABILITY coupled with low cost are two 
factors which place the MR series relays high on 
P&B’s best seller list. They are being used in a 
multiplicity of designs... transmitters, street 
lighting equipment and small motor starters, to 
name but a few. 


Both AC and DC models are available, with 
AC coils ranging up to 440 volts. All are adaptable 
for printed circuit mounting. The wide variety of 
contact arrangements include: 


SPST-NO SPST-NC-DB DPST-NC 3PST-NC 
SPST-NC SPDT DPDT 3PDT 
SPST-NO-DB DPST-NO 3PST-NO 


For more information about this medium duty, 
compact relay, call or write today—or get in touch 
with the P&B sales engineer nearest you. See our 
complete catalog in Sweet’s Product Design File. 


SOHC SESEHESESEHSHE ESE HSER EHE BEES 


LM SERIES: Plote circuit relays 
similor to the MR. All sp and dp 
contact arrangements shown 
above cre available. Coils are 
wound to specified resistances up 
to 58,000 ohms max. Sensitivity 
ranges from 15 mw min. (single 
pole) to 70 mw min. (double pole). 
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MR SERIES 


Temperature Range: 


DC —55°C. to + 85°C. 
AC —55°C. to +75°C. 


Pyll-in: Approx. 75% of nominal dc 
voltage; 78% of nominal ac 
voltage. 


Weight: 4 ozs. 
Dimensions: 2°" long x 2%" wide x 
2” high. 
Mounting: Two %” dia. holes. Can be 
adapted for printed circuits. 
CONTACTS: 
Arrangements: Up to 3pdt. 


Material: %" dia. silver. (Others avail- 
able). 


Lead: 8 amps @115 volts, 60 cycle, 


resistive. 
COIL: 
Max. Resistance: 34,500 ohms. 


Power: 1.5 watts dc; 3.25 volt-amps ac. 
Will withstand up to 6 wetts ot 
GENERAL SPECIFICATIONS: 25°C. 


Breakdown: 1500 volts, 60 cycle rms Voltages: Up to 110 volts dc; up to 440 
between all elements. volts 60 cycle ac, 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


G@) POTTER & BRUMFIELD INC. 


PRINCETON, INDIANA e SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 
IN CANADA: POTTER & BRUMFIELD CANADA, LTD., GUELPH, ONTARIO 
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Honeywell 906A Visicorder record. actual size. Note longitudinal grid lines and trace identification interruptions. 
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These studies of aerodynamic damping coefficients on 
an airframe were made by engineers at ARO, Inc. They 
were conducted in the Gas Dynamics Facility at the 
U.S.A.F.’s Arnold Engineering Development Center, 
Tullahoma, Tennessee, wind tunnel center of the Air 
Research and Development Command.The studies were 
directly recorded on a Honeywell 906-A Visicorder. 


The problem: To measure damping-in-pitch derivatives 
for a clipped-delta-wing-body configuration over a 
Mach number range of 2.0 to 5.0 so that these measure- 
ments could be compared with the Mach number 
trend predicted by theory. 


The set-up: A model of the delta-wing body, mounted 


on its cross-flexure pivot support, was forced to oscil- 
late through a linkage by an electro-magnetic shaker. 
Resistance strain gauges were bonded to the input 
torque member and to one of the pivot supports. These 
gauges supplied torque and displacement signals 
through a carrier amplifier to two galvanometers in the 
Visicorder. An oscillator, driving a third galvano- 
meter, established a time base for the oscillogram. 


The values discovered through this forced-oscillation 
balance system experiment showed some discrepan- 
cies from values predicted by theory, because the theory 
pertained to simpler bodies than that used in the tests. 
The experiments provided a new set of data which will 
result in more accurate predictions for future design. 





in aerodynamic research | 





Z. A. Woodard, Jr., ARO, Incorporated, instrument technician, operates 
the Visicorder in the measurement of aerodynamic damping coefficients. 


Honeywell 


Qudusttial Products. Group 


The Honeywell Visicorder is the pioneer and unques- 
tioned leader in the field of high-frequency, high-sensi- 
tivity direct recording oscillography. In research, de- 
velopment and product testing everywhere, instantly- 
readable Visicorder records are pointing the way to 
new advances in product design, rocketry, computing, 
control, nucleonics . . . in any field where high speed 
variables are under study. 


The new Model 906A Visicorder, now available in 8- 
and 14-channel models, produces longitudinal grid 
lines simultaneously with the dynamic traces, time 
lines, and trace identification by means of new acces- 
sory units. 


To record high frequency variables—and monitor them 
as they are recorded—use the Visicorder Oscillograph. 
Call your nearest Minneapolis-Honeywell Industrial 
Sales Office for a demonstration. 


Reference Data: Write for Visicorder Bulletin 
Minneapolis-Honeywell Regulator Co., 
Industrial Products Group, Heiland Division 
5200 E. Evans Ave., Denver 22, Colo. 
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> Only Epsco 
Instrumentation 
Amplifiers give you 
all these features... 


@ WIDE BANDWIDTH... dc to 150 ke 
at gain of 100 


@ TRUE DIFFERENTIAL INPUT . . . true 
balance, low capacity 


@ HIGH COMMON MODE REJECTION ... 
200,000.to 1 de... 50,000 to 1 ac 


@ HIGH GAIN .. . selectable gains of 
100, 200, 500, 1000, 2000 


@ HIGH Prouity . . . drift less than 
2 uv per day; less than 5.uv long term 
cumulative drift With th P 
ith the ever-increasing need for greater accuracy in dynamic 

© LOW NOISE... less than 3 uv rms to i ctrumentation the demand for an expanding bandwidth in 
50 cps H : : 

signal amplification becomes more and more urgent. Epsco 

@ HIGH POWER OUTPUT... +20 volts, Instrumentation Amplifiers not only meet the bandwidth 
upto 40 ma challenge, but they also provide true differential input. 

@ 100,000 OHM INPUT IMPEDANCE Available rack-mounted or in portable units. Write for Bulletin 105801 

for complete technical information and options available. 

@ FAST RISE TIME... 2.3 ysec. for full 


scale step input at gain of 100 
@ WIDE DYNAMIC RANGE . . . unsaturat- 
ing at twice nominal output 
@ NO ADJUSTMENTS OR CALIBRATIONS a 


@ NO BATTERIES Ci 
7 FI data control 


Epsco, Inc., Instruments & Equipment Division, 588 Commonwealth Avenue, Boston 15, Massachusetts 
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INDUSTRY’S PULSE 





1959 Shapes Up as a 
Good Year for Control 





The year 1959 began as a question mark for many control makers 
and users. They hoped for business improvement, but most were cau- 
tious. First optimistic notes were sounded at the AIEE meeting in 
February, but it was still too soon to be sure. By the IRE show at the 
end of March, however, control makers had moved out of the gloom 
spawned by last year’s recession, were looking ahead to new records in 
sales and profits. First-quarter reports, appearing in May, confirmed the 
expectations. 1959 shapes up as a lot better year, businesswise, than 
most people expected. 

Financial statements are bringing some of the best news of the year. 
Armstrong Cork Co., for example, reported its best net profit in history 
for three months, up to $4,326,000 from $2,665,000. Pharmaceutical 
maker Parke Davis & Co. counted up the highest sales in its history 
in the first quarter: $44,850,000, compared to $42,871,000 in the first 
three months of last year. A cross-section of a few user companies’ 
first quarter performances shows the trend: 


Good user 
reports 


Sales Net Profit 


(000 omitted) (000 omitted) 
1959 1958 1959 1958 
Diamond Alkali Co $26, 860 $2,125 $852 
National Lead 108,231 11,745 9,427 
Jones & Laughlin 144,584 15,738 1,657 
Richfield Oil Co.......... 60,917 5,600 5,600 
North American Aviation... 255,913 239 ,835 7,339 6,419 





Bad news—what there was of it—seemed associated with special situa- 
tions. For example, giant airplane builder Douglas Aircraft operated 
in the red to the tune of $4,208,000 in the first three months, compared 
to a profit of $8,595,000 in the same period last month. Douglas 
executives blamed the red ink on “continued high costs of the DC-8 
jet transport program”. Arma Corp. was reported to have hit bumpy 
sailing as a result of shifts in missile guidance contracts. And machine- 
tool companies, recovering slowly, were still feeling last year’s slide. 

Good business conditions for users were mirrored quickly in control Good maker 
makers’ reports. Cutler-Hammer, for example, watched three-month reports 
sales shoot up to $25,402,000 from 1958's first quarter of $19,952,000. 
IBM President Thomas Watson told stockholders that sales were above 
last year, that incoming orders were in balance with production—a con- 
trast to first-quarter 1958, when production had moved too far ahead. 

In the field of space technology, biggest news is that the new National 
Aeronautics & Space Administration is now operating in high gear, 
letting a significant number of major contracts. Missile and aircraft 
spending continues at a high rate, too (CtE, April 1959, p. 29). 

And the atmosphere of good business is influencing control applica- 
tion, too. Users, who last year concentrated on economic justification 
of new control equipment, are now receptive to trying new control 
techniques on the frontier of technology. ‘T'wo areas that are benefiting: 
numerical control of machine tools in metalworking and computing- 
control in the process industries. One manufacturer, flush with the 
first big orders for his positioning system, confidently predicted that 
1959 would be the year of the volume sales breakthrough in numerical 
control. In the process field, a control engineer could count up these 


Influence on 
application 
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Almost Anyone Can 
Make Solenoid Parts, But... 


ee 


Headache-Free Solenoid Application 
Takes Machine Tool Precision 


There may be solenoid appli- 
cation problems that we 
can’t solve, but .. . we have 
yet to find one. It’s simply 
because we are machine tool 
builders and fully understand 
the basic problems of con- 
verting electrical energy to 
mechanical energy. We’ve been at it for over 
70 years. It’s the reason why Namco solenoids 





For Example: 


out proper linkage will 
cause incorrect seating of 
the plunger . . . allowing 


the solenoid to draw por- 
tial inrush current contin- 
vously. This will cause 
overheating and eventual 


malfunction of the solenoid. 


Operating in an arc with- —? —// 





CORRECT INCORRECT 











have superior electrical and mechanical 
characteristics and why we can assure you 
of the one other factor that truly determines 
solenoid life...proper application. 

Namco standard solenoids are available 
in a wide range of push and pull types. 
Custom-engineered solenoids in every size, 
capacity and type can be made to meet your 
specifications. Write us about your applica- 
tion problems stating specific requirements. 


ad é 1 


The National 


Acme Company 
165 E. 131st Street 


Cleveland 8, Ohio 
Sales Offices: Newark 2, N.J.; Chicago 6, Ill.; Detroit 27, Mich. 
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sales of digital computers for control or computer-logging operations: 
Thompson-Ramo-W ooldridge 
Daystrom 
Librascope 
General Electric 
Genesys 
Total 

Much of the money for new control equipment is going for modern- 
ization, a fact verified by the 12th annual McGraw-Hill Survey of 
Business Plans for New Plants & Equipment. In the 1959 report, 
issued in April, McGraw-Hill’s Dept. of Economics estimated that 
two-thirds of capital expenditures planned by manufacturing companies 
in the years 1959 to 62 will go for modernization, much less for expan- 
sion. ‘Total expenditures for modernization in 1959, the survey says, will 
be $6.8 billion—the most ever spent for this purpose. 

Capital spending plans, on the whole, are up—an optimistic indicator, 
since activity in industrial and process control is tied closely to these 
plans. Nearly every industry in this survey reported higher spending 
plans. Although still below the record levels of 1956-57, the revisions 
upward are good news for the control industry. Here’s the boxscore: 


CAPITAL SPENDING PLANS FOR MANUFACTURING COMPANIES 
(Millions of dollars) 
1958-1959 


1958 1959 Percent Preliminary Plans 
INDUSTRY Actual* Planned Change 1960 1961 1962 





Iron & Steel $1,217 $1,180 — 3% $1,274 $1,032 $1,032 
Nonferrous metals $10 428 —16 368 383 394 
Machinery aie os 915 986 +8 1,036 1,044 1,068 
Electrical machinery.............. 459 532 +16 591 532 532 
Autos, trucks & parts 558 709 +27 730 679 740 
Transportation equipment (Aircraft, 
ships, R. R. equip.)............. 370 440 +19 343 326 326 
Other metalworking 723 875 +21 941 908 838 
GS noch wa kaise 1,320 1,386 + $ 1,441 1,542 1,635 
PPE. acc boc etc tee e 578 636 +10 617 611 587 
134 165 +23 188 203 223 
Stone, clay & glass. . 399 4980S +25 469 478 486 
Petroleum refining... . ; 665 698 + 5 670 750 765 
Food & beverages......... : 742 783 + 6 719 702 692 
Beverages 176 170 — 3 145 124 133 
, 566 613 +8 574 578 559 
Textiles 288 321 +11 324 326 342 
Miscellaneous manufacturing. .... . . 883 835 - § 737 749 784 
All manufacturing 9,761 10,472 + 7 10,448 10,265 10,444 


* U. S. Dept. of Commerce, Securities & Exchange Commission, McGraw-Hill Dept. of Economics 


The survey also reported some estimates for sales for the rest of the 
year. The prognosis: sales of manufacturing companies are expected 
to be nine percent higher this year, to show an additional increase of 
18 percent by 1962. Outstanding sales performances are expected from 
iron and steel (up 31 percent), chemicals (up 11 percent), nonferrous 
metals (up 10 percent), machinery (up 9 percent), electrical machinery 
(up 8 percent) and paper & pulp (up 7 percent). 


“> 


_— 





—_— 


ee: 





























Modernization 
continues 





A complete family of 
Medium Frequency 
Transistors 








“ON” Switch 
Performance 


Max. Readings General Performance 





Min. fy Typical hpg Mex. 


Veg = —Iv, le = —100 me || Vee Vee 





0.2 0.34 
0.2 0.34 
0.2 0.34 
0.2 0.34 
0.2 0.34 
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"Peak Dissipation ot 25°C=1 Wott 








TYPICAL RISE TIME CIRCUIT 
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SWITCHING TIMES TEST CIRCUIT 








TYPICAL DC BETA VS. COLLECTOR CURRENT 


iz TYPICAL DC BETA VS. 
<§ Type 2NSe99 
8 EMITTER = —1.0v) 
—4 —6 —8 —10 —20 —40 60 —~80-—100 —200 —400 
COUECTOR CURRENT I, IN MILLIAMPERES 











Make Philco your prime source for all tran- 
sistor information and prices. Write Dept. CE-659 


mt he) 


e High Dissipation: to 1 watt peak at 25°C 
e High Current: Max. lc = —400 ma 

e High Temperature: 100° C Max. 

e High Voltage: Max. Vcg to —45v 

e High Frequencies: Min. f,., to 12 mc 


Philco’s complete family of PNP germanium alloy 
junction transistors is available in both studded and 
unstudded cases (TO-31 and TO-9), permitting 
operation at power levels as high as 1 watt peak. 
They offer the designer complete flexibility, pro- 
viding a choice within each form factor to meet 
circuit requirements for voltage, gain and fre- 
quency. These transistors feature a unique, patented, 
cold-welded copper housing and internal construc- 
tion that result in lower junction temperatures at 
normal operating power levels. (K factor as low as 
0.1° C/mw.) Their design insures improved life 
and reliability at temperatures as high as 100° C. 

The high beta of these transistors at high current 
makes them particularly applicable to medium 
speed flip-flops, logic gates, drum writers and 
core-driver circuits. The 30v to 45v collector rating 
provides the high level logic swings required in 
many data processing equipments. The entire 
family is available in production quantities . . . 
and in quantities 1-99 from your local Philco 
Industrial Semiconductor Distributor. 
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Support Education in Control 


Do you identify your work for today and tomorrow with any of these 
topics: solid-state sensing and transducing elements . . . optimized control 
of missile guidance . . . nuclear reactor simulation . . . control system 
signal stabilization . . . control in power and utility networks . . . optimum 
control of chemical processes . . . measurement problems in high Mach 
number tests related to gas dynamics . . . nonlinear analysis of stochastic 
operations . . . dynamic analysis of double-pipe heat exchangers . . . 
pneumatic servomechanisms . . . measurement of low dynamic stresses in 
rotating members . . . ultrasonic non-Newtonian measurements? Would 
you like to see students do graduate work on such topics? Do you con- 
sider it urgent that professors, around whom such students gather, be 
encouraged and supported? 

Take heart. Full-support fellowships were awarded this spring by the 
Foundation for Instrumentation Education & Research (FIER) to six 
highly-qualified graduate students whose study plans include six of the 
topics listed. Each fellowship provides for one year’s tuition, $1,500 sub- 
sistence, and a $1,000 cost-of-education grant to the university where the 
student will follow his graduate program. The donors—Daystrom, Foxboro, 
Leeds & Northrop, Minneapolis-Honeywell, Panellit, and (jointly) Bech- 
tel Corp., C. E. Braun & Co., Richfield Oil, Union Oil of California— 
have set an example that we commend to all industries identified with 
the use or manufacture of instruments and controls. 

What industry is not identified with control? We ask this, knowing 
full well that user industries do not clearly identify control with any of 
the engineering pigeonholes they have established. Control is partly 
in this pigeonhole, partly in that one, partly in another one. Because of 
the overlapping identity, the immense appropriations to support educa- 
tion in classical engineering disciplines are seldom allocated specifically 
for study of control. Why have not some of the new control companies, 
which see the identification very clearly, provided funds? Because they 
do not yet appreciate the economic advantage they'll have when engi- 
neers more completely trained in control enter the user industries and 
apply what they know to dollar-consuming systems engineering. 

Six men received full-support fellowships. But 29 others went without; 
and even more may miss out next year. If your efforts identify with 
the announced plans of these students, and of their instructors, bind 
the identity with financial support. 
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This new precision DC VTVM is also 
a wide range, precision ohmmeter and ammeter ! 


oe 


Haven’t you wished for one compact, simple in- 
strument that would make precision dc voltage, 
de current and resistance measurements over a 
wide range? 


The new ® 412A is it! In its VTVM circuit, the 
412A uses an exclusive @ photo-chopper instead 
of old-style mechanical vibrators—no drift, no 60 
eps pickup. Input is floating, with resistance in- 
creasing from 10 megohms on the 1 mv range to 
200 megohms on ranges above 100 mv. Current 
and voltage ranges have a 10 db sequence for 
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oaitil Floating chassis. $1,000 worth 


of convenience for $350! 


- 


1% accuracy 
100 pv to 


1,000 volts! 


Also 2% accuracy, 1 ya to 
1 amp full scale. 


Measures 0.02 ohms to 
5,000 megohms. 


No zero adjustment. 1 minute 
warm-up. 


maximum readability and overlap. The ohmmeter 
is a modified Kelvin bridge eliminating lead resist- 
ance error; you measure resistance accurately on 
hook-up wire sections as short as 6”. 


Model 412A also includes a 1 v or 1 ma recorder 
output, and 3 separate probes. Call your ® rep 
today for a demonstration on your bench. Price, 
$350. 


HEWLETT-PACKARD COMPANY 
1001A PAGE MILL ROAD * PALO ALTO, CALIFORNIA, U.S.A. 
CABLE “‘HEWPACK'' * DAVENPORT 5-445] 

FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS 


CIRCLE 68 ON READER-SERVICE CARD 








Take a new look at 


AC Motors for 
Adjustable-Speed 
Systems === = 


C. S. SISKIND, Purdue University 


The Gist: At the end of every control loop is the actuator, whose function is to translate control 
intelligence into some appropriate action within the machine, process, or vehicle. There are 
innumerable basic types of actuators; in the course of his work, the control engineer may be 
called upon to deal with many of them. Most often, however, the control engineer will resort to 
the electric motor, which is a simple and reliable device, widely available in a great variety of 
standard and special designs, and possessing the facility of adjustable speed. The latter 
characteristic is an almost inherent requirement for actuators that are to serve at the crossover 
point between extensive control systems and flexible automatic equipment. 

In recent years, the dc motor has achieved great success as an adjustable-speed actuator, 
despite its need for a separate source of power. The ac motor, on the other hand, is largely 
regarded as a constant-speed device — perhaps unjustly so because there are actually many 
efficient forms of multispeed ac actuators. Indeed, there are cases in which the ac motor is 
overlooked although it will meet the adjustable speed requirements of the application as well 
or better than the dc motor. In an attempt to provide the engineer with a better understanding 
of the adjustable-speed capabilities of ac motors, Control Engineering asked Purdue's Prof. 
Charles Siskind to prepare this article. In it, Professor Siskind describes the operating charac- 
teristics and control requirements of the major methods for obtaining adjustable speeds from 
ac machines. Included are pole changing techniques, armature resistance control of wound-rotor 
motors, frequency changing, slip-frequency injection, and the use of eddy-current couplings. 
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Unlike the de motor, which is a doubly fea 
machine in the sense that the stator (field) and 
the rotor (armature) are both energized by the 
de source, the ac induction motor is singly fed. 
Only one section, usually the stator, receives its 
power directly from the ac mains. The de motor 
develops torque by the interaction of two sta- 
tionary magnetic fields, both created by currents 
conducted to the field and armature windings. In 
contrast, torque is produced in the induction mo- 
tor when a synchronously revolving magnetic field, 
created by currents conducted to one winding, in- 
duces currents in the conductors of the other 
winging because the rotor rotates in the same di- 
rection as the revolving field but slightly slower. 

The induction motor is essentially a constant- 
speed energy converter; under normal operating 
conditions the speed changes only slightly (about 
2 to 8 percent) between ‘no load and full load. 


In a sense, operation resembles that of the dc 
shunt motor, but differs markedly from the per- 
formance of the compound and series types, 
which are characterized by rather wide speed 
changes with normal torque variations. The 
speed of an induction motor is definitely “tied 
to” the line frequency, to the number of poles 
for which the machine is wound, and, for wound- 
rotor motors, to the resistance that is inserted 
externally in the rotor circuit. It follows, there- 
fore, that speed adjustment is fundamentally pos- 
sible by employing (1) a  variable-frequency 
source, (2) one of several pole-changing schemes, 
and (3) variable resistors (or their equivalent) 
in the rotor circuit of the phase-wound-rotor mo- 
tor. These speed-control procedures differ greatly 
from those commonly used for dc machines, 
which are readily controlled by adjusting the 
armature voltage and the field flux. 


Major Methods of Speed Control 


Pole-Changing 
in Squirrel- 


Cage Motors 


When a squirrel-cage induction motor is con- 
nected to a constant-frequency source, its speed in 
rpm, given by the equation 


S= ms (1 — 8) 


is inversely proportional to the number of poles for 
which the stator is wound. The slip s is generally a 
fractional part (0.02 to 0.08) of the synchronous 
speed 120f/P of the revolving field. The above ex- 
pression is the basis for several pole-changing meth- 
ods of speed control, which are suited to applications 
that do not require stepless adjustment and may be 
driven at two or more so-called base speeds. In one 
arrangement, two independent windings, completely 
insulated from each other, are placed in the stator. 
The windings are designed to produce two sets of 
poles having some numerical relationship other than 
two to one. When such a motor is in operation, one 
of the windings is idle while the other is energized. 
Because the two windings are inductively coupled, it 
is essential that the idle winding be completely open- 
circuited (specifically by opening one corner of a 
normally connected delta) to prevent it from being 
energized by transformer action. 

The slots in the stator cores are made deep enough 
to accommodate the two windings. The usual prac- 
tice is to install the high-speed winding first in the 
bottoms of the slots, and then to place the low-speed 
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winding directly over it. Terminal leads are brought 
out for connection, usually to an automatic push- 
button line-starting controller that is arranged for 
one of several operating procedures: low-speed start- 
ing first, high-speed starting first, a shift from high 
speed to low speed only, starting at either speed with 
a shift to the other speed at will, and others. ‘Two- 
winding, two-speed motors of this type are available 
in standard horsepower ratings to operate at various 
combinations of 60-cycle base (synchronous) speeds, 
such as 1,800 and 1,200 rpm, 1,200 and 900 rpm, 
and 1,200 and 720 rpm. The motors delivering these 
speeds are wound for four and six poles, six and 
eight poles, and six and ten poles, respectively. 

Another method commonly employed to provide 
two operating speeds is to use a single winding whose 
connections may be changed externally for either of 
two pole combinations, one of which is twice the 
other. This scheme makes use of the so-called conse- 
quent-pole principle and yields a high base speed that 
is always twice the low base speed. The latter is 
obtained when the winding is connected consequent- 
pole (as will be explained later). Single-winding 
motors of this type usually do not have the disadvan- 
tages of their two-winding counterparts: namely 
comparatively large size for a given output, high 
cost, and some sacrifice in performance characteris- 
tics. 

Single-winding motors with two-to-one speed com- 
binations are available in standard horsepower rat- 
ings for operation at 3,600 and 1,800 rpm, 1,800 and 
900 rpm, 1,200 and 600 rpm, and other base speeds. 
Two windings are sometimes installed in a stator to 
develop four base speeds; for example, 1,800 and 
900 rpm can be obtained with one winding and 1,200 
and 600 rpm with the other. And, in rare cases, as 
many as three windings have been used to yield 
base speeds of 3,600, 1,800, 1,200, 720, 600, and 
360 rpm. Such motors are intended for special appli- 

















cations, where cost and efficiency of operation are 
incidental to the need for wide-range speed control. 
_ To overcome the disadvantages previously men- 
tioned for the two-winding motors that do not have a 
two-to-one ratio of speeds, the author has invented 
a switching system that makes it possible to connect 
one winding for any two speeds (but preferably for 
those speed combinations that require sets of poles 
differing by two, i.e., four and six poles, six and 
eight poles, eight and ten poles, etc.). The scheme 
makes use of the consequent-pole connection at both 


Speed Adjustment 


by Frequency 


Variation 


An excellent way to control the speed of an in- 
duction motor is to vary the frequency of the sup- 
ply voltage. With this method it is necessary to 
provide a separate source whose frequency and volt- 
age can be adjusted simultaneously and in direct 


W ound-Rotor 
Motors— 
Rotor-Resistance 


Method 


In all induction motors the speed-torque charac- 
teristic widens with increasing values of rotor resist- 
ance. Advantage is taken of this in phase-wound ro- 


Cascading 
Induction 
Motors 


The so-called cascade (or concatenation) prin- 
ciple is equivalent to the pole-changing technique. 
It makes use of two induction motors mechanically 
coupled together to drive a load. The motors are 
wound for different numbers of poles and one has 
a phase-wound rotor. By an arrangement of this 
kind, three practical base speeds may be obtained: 
(1) the operating speed when the phase-wound 
rotor motor with, say, four poles is used alone; 
(2) the speed when the other machine with, say, 


> 


six poles is used alone; and (3) the speed repre- 


speeds, in contrast to other designs where the con- 
sequent-pole connection is employed only at the low 
speed. Under this principle, two windings may be 
installed in a squirrel-cage stator to yield four base 
speeds that are not possible with the conventional 
consequent-pole connection. For example, a com- 
bination of 60-cycle base speeds such as 900, 720, 
600, and 514 rpm may be obtained with one 8/10- 
pole winding and one 12/14-pole winding. Note 
that the four speeds are not widely different, a fre- 
quently desirable speed-adjustment arrangement. 


proportion to one another, This simultaneous varia- 
tion is desirable because the flux densities in the 
motor, which are proportional to the volts per cycle, 
should be kept essentially constant. An installation 
of this kind is expensive since it requires a motor- 
generator set, which frequently consists of an adjust- 
able-speed dc unit coupled to an alternator or fre 
quency converter. However, speed adjustment is 
virtually stepless over an extremely wide range. The 
rotor of a slip-ring induction motor may be made to 
serve as the variable-frequency source for the speed- 
controlled motor if the rotor is driven by another 
machine (an adjustable-speed dc motor) at the same 
time that its stator is connected to the available 
constant-frequency supply mains. 


tors by connecting varying values of resistance to the 
rotor slip rings for speed-adjustment purposes. When 
this method is employed, the speed may be adjusted 
almost steplessly over an extremely wide range. The 
control technique does, however, involve a power 
loss in the added resistors that, for a given load 
torques, is directly proportional to their ohmic 
value. Hence, overall efficiency suffers increasingly 
as the speed is reduced. Generally, the speed of a 
phase-wound rotor motor is not dropped below 50 
percent of synchronous speed; at this point the efh- 
ciency is somewhat less than 50 percent. 


sented by the tandem connection. In the latter 
case, the stator (primary) of the first (four-pole) 
motor is excited by the ac source and its rotor (sec- 
ondary) is connected to the stator (primary) of 
the second (six-pole) machine. Under this condition 
the cascaded set behaves like a motor with P, + P, 
(4 + 6 = 10) poles. 

When a phase-wound rotor is used for the second 
machine also, a finer degree of control between the 
three base speeds and below the lowest base speed 
is possible. A fourth base speed may be obtained 
by employing a “differential cascade” connection, 
which brings the set up to speed with the first 
machine alone. Then, the latter’s phase-wound 
rotor is connected to the stator of the second 
motor and, at the same time, the direction of the 
revolving field is reversed by interchanging one pair 
of primary leads at the first machine. Because of 
the complex starting procedure and the restricted 
output, the differential-cascade connection is rarely 
applied in this method of speed control. 
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Wound-Rotor 
Motors— 
Rotor-Voltage 
Method 


When the speed of a phase-wound rotor motor 
is adjusted below synchronous speed by the insertion 
of resistors in the rotor circuit, there is a drop in 
motor efficiency caused by additional I°R losses. 
The energy transferred across the air BP from stator 
to rotor is converted partially into electrical energy 
that heats the resistors and partially into mechanical 
energy that powers the load. If it is assumed that 
the motor drives a constant-torque load, the rotor 
current must remain unchanged for all values of 
external resistance. Because flux and rotor-circuit 
power factor are independent of load and motor 
speed, any addition to rotor-circuit resistance must 
be matched by an increase in the emf induced in the 
rotor winding to maintain constant current. 

Since the induced rotor voltage depends upon 
the relative motion between revolving field (syn- 
chronous speed) and the rotor conductors, the rotor 
slip and its corresponding speed, S = 120f (1 — s), 
will always depend upon the ohmic values of the 


Squirrel-Cage 
Motor— 


Eddy-Current 
Coupling 


A constant-speed squirrel-cage induction motor 
may be made to provide infinitely adjustable speeds 
through the use of an induction clutch. The clutch 
consists of two parts: the coupling drum, which is 
driven by the constant-speed motor, and the field 
member, which is fastened to an independent shaft 
that drivés the load. The coupling drum is con- 
centric with and external to the field member, and 
is separated from it by a short radial air gap. The 
parts are magnetically coupled when the field poles 
are magnetized and rotate below drum speed. 

During operation, the induction motor drives 
the coupling-drum assembly at practically constant 
speed. The inner field structure remains stationary 
until a coupling coil is energized from a de source 
and a succession of north and south poles are formed 
by a group of interlocking teeth. Eddy currents 
are then generated in the outer drum, forming a 
pattern of magnetic poles on the inside surface of 
the moving member. The attraction between the 
poles of the field and those of the drum appears 
at the output shaft in the form of torque. In 
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resistors in the controller. In other words, the speed 
must decrease with increasing rotor-circuit resistance 
because the latter incurs a voltage drop that must be 
compensated for by a rise in rotor emf. 

Another way to reduce the speed of a phase 
wound rotor motor is to inject a voltage into the 
rotor. This is equivalent to incurring a voltage drop 
across a resistor, because the net result is a reduction 
in the voltage across the rotor winding. Assuming 
constant-torque operation as before, the injection 
of a voltage is accompanied by a drop in speed 
and a rise in the induced rotor voltage that is to 
maintain constant rotor current and torque. If the 
added rotor voltage aids the induced emf, the value 
of the latter will drop automatically and speed will 
rise. It is, in fact, possible to cause the motor to 
run above synchronous speed by introducing a 
sufficiently large aiding voltage. This voltage injec- 
tion method is superior to the simpler rotor-resistance 
method because it eliminates the I°R losses in the 
external resistors and permits the motor to operate 
above as well as below the base speed. 

The frequency of the injected voltage must be 
the same, at every instant, as the slip frequency of 
the emf induced in the rotor winding. Several 
schemes have been devised to accomplish this auto- 
matically, some of which require auxiliary equipment 
and machines. Other approaches involve special 
commutator types of motor that employ brush shift- 
ing mechanisms or external sources of adjustable 
voltage. These will be discussed subsequently. 


some more recent designs, the excitation coil and 
its supporting field body are solidly attached to the 
end housing and are stationary. Concentric with 
the stationary excitation coil and separated from it 
by two air gaps is a U-shaped toothed rotor that 
is fastened to the output shaft. The drum ring 
keyed to the drive-motor shaft is separated by one 
air gap from the field magnet and rotates around it. 

Since relative motion between the two members 
of the magnetic coupling is essential if eddy cur- 
rents are to be generated in the drum, the eddy- 
current coupling can transmit torque only when the 
load shaft is slower than the motor shaft. The torque 
depends upon the strengths of magnets created by 
the excited coil and those generated in the drum by 
eddy currents. Thus, speed adjustment is possible 
by varying the direct field current that excites the 
coupling coil. 

Slip in this type of magnetic coupling is always 
accompanied by eddy-current heat losses in the 
drum. Such losses are about equivalent to those 
produced in the external resistors of a phase-wound 
rotor motor when its speed is reduced. For this 
reason, the coupling drum is generally constructed 
with radial fins and an integral fan to dissipate the 
slip-power heat loss. Although the eddy-current 
clutch is extremely wasteful of energy, particularly 
at low speeds, it offers the following advantages: (1) 
stepless speed adjustment; (2) simple control in- 
volving only small rheostats; (3) speed changes 
without the tendency to overshoot a desired setting; 
and (4) smooth acceleration and deceleration. 








Design Principles of Multi-Winding Motors 


The pole-changing method of adjusting the speed 
of squirrel-cage induction-type motors is widely used 
- applications requiring step control, i.e., changes TABLE |. RATINGS OF 
rom one base speed (120f/P,) to another 
(120£/P,). When tt is ahaouk te aah ¢ ee STANDARD TWO-WINDING TWO-SPEED 
operate at either of two speeds, one of which is not 60-CYCLE SQUIRREL-CAGE MOTORS 
twice the other, the practice is to provide two 
windings in the stator. If, on the other hand, the 
two operating speeds are to be in the ratio of two- 
to-one, it is customary to use a single winding with 
six terminal leads, which can be switched to yield 
either P or 2P poles. 

In the two-winding arrangement, the slots in 
the stator core must be deep enough to accommo- 
date four layers of coil sides, two for each of the 
double-layer lap windings. The high-speed winding 
is installed in the bottom (outer) half of the deep 
slots and will usually be designed to develop two 
or four poles less than the low-speed winding that 
occupies the inner half of the slots. Table I lists 
the two-winding, two-speed motors available as 
standard units. Note that the low-speed horsepower 
ratings are proportionately lower than the corre- 
sponding high-speed ratings because each machine 
develops the same full-load torque at both speeds. 

These motors are larger and more expensive than 
singly rated machines, and have several construc- 
tional and operating disadvantages. Because the 
stator core has deep narrow slots, the leakage flux 
and the resulting leakage reactance are high and 
contribute to reduced output and low power fac- 
tor. Cooling is difficult since the considerable 
amount of insulation around the copper has the 
effect of restricting the transfer of heat from 
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FIG. 1. Control circuit for 
two-winding, two-speed line-start motor. 
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buried sections of the winding. A further objection: phase. Also, all normal pole spans of 180 electrical 
the motor requires a special stator lamination that deg must contain a similar succession of three groups 
means a compromise in the winding designs. of coils. ‘Thus, a complete three-phase winding will 

Motors of this type are generally designed for always contain 3P pole groups, with the number of 
across-the-line starting with both windings connected —_ coils in each one being equal to the total number 
in star. The latter arrangement permits control- of coils divided by 3P. Moreover, before intercon- 
circuit simplification; since the two windings are necting the three phases to form a star or delta, it 
inductively coupled and only one of them is ener- is necessary that the individual coils of each pole 
gized at a time, no circulating current can flow in group be joined in series. Figure 2A is a schematic 


the idle winding. If a delta-connected winding diagram of a succession of 12 pole groups, each of 
were used, it would have to be open-circuited at which contains three series-connected coils for a 36- 


one corner during its idle period. Figure 1 shows slot, four-pole, three-phase winding. 
a typical control circuit for a two-winding motor. 


In the conventional single-winding, single-specd 
motor, successive pole groups of each phase are 
Single-winding, two-speed motor— connected 2 produce, at a given mneant, poles of 

p opposite polarity. This is frequently done by join- 
consequent-pole operation at one speed ing the pole groups in series. Also, to keep the 
f ; three winding phases properly spaced, it is necessary 
Practically all three-phase squirrel-cage induction —_to bring out similar terminal leads from points on 
motors have stators with double-layer lap windings. the winding that are displaced 120 electrical deg, 

For a given slotted core, the total number of coils Figure 2B. The final step is to interconnect the 

in the winding is the same as the number of three phases to form a star or a delta. The star 

stator slots, with one-third of them allotted to each connection is made by joining F4, F,, and F, and 
using S,, Sz, and S¢ as line leads, while the delta 
connection is formed by using the junctions of F, 
FIG. 2. Pol hate and S,, F; and S,¢, and F, and S, as line leads. 

IG. 2. Pole group arrangement and A : thod £ taint twp cati 
connections for a four-pole, 36-coil popular meuo or 0 aining ‘wO opera ing 
single-speed stator winding. speeds, one twice the other, with a single winding 
is to connect the winding conventionally for the 
high speed and consequent-pole for the low speed. 
The technique applies only to three-phase motors; 
two-speed, two-phase motors always employ two 
windings. The change from P poles to 2P poles is 
made with either of two switching schemes. In 
a Ap, the series-parallel method, the winding produces P 
& < poles when all of the pole groups of each phase 
are joined in series, and 2P poles when the same 
é. ¢ pole groups are connected in two parallel paths. The 

— per pole : reverse is true in the parallel-series method. _ 
€ In the series-parallel scheme illustrated in Figure 
: 3, four pole groups of one of the three phases of 
a four-pole/eight-pole winding are connected in 
series between points A and A’, and midtap X is 
brought out. The series connection is made by 
joining one pair of diametrically opposite pole 
(A) Pole group arrangement (B) Pole group connections groups, labeled 1 and 3, to the other pair of diamet- 
tically opposite pole groups, labeled 4 and 2, with 
tap X emerging from the junction of the two pairs. 
If current enters at terminal A and leaves at terminal 
A’ as shown in Figure 3B, four conventional poles 
will be produced. On the other hand, if terminals 
A and A’ are joined, the current entering terminal X 
divides into two parallel paths as it passes through 
the four pole groups, Figure 3C. Thus, four con- 

a pereepiones ventional poles and four consequent poles, i.e., eight 
‘ onsequent-pole . i: 
4 poles are produced. This same arrangement applies 
to phases B and C, and the complete switching sys- 
tem also involves a proper star or delta connection. 

In the second scheme, four conventional poles 
are created when the parallel connection of pole 
groups is employed, Figure 4B. The series arrange- 
r ment, Figure 4C, produces four conventional plus 
four consequent poles. 

The windings illustrated in part by Figures 3 and 
4 give two speeds that are always in a 2 to 1 
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FIG, 3. Series-parallel principle of 
the single-winding, two-speed motor. 
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FIG, 4. Parallel-series principle of 
the single-winding, two-speed motor. 


possible to obtain four base speeds when one 
combination of poles differs from the other. Stand- 
ard squirrel-cage motors are available for such 60- 
cycle speed combinations as 1,800/1,200/900/600 
rpm, 1,200/900/600/450 rpm, and 3,600/1,800 
/1,200/600 zpm. Special three-winding, six-speed 
motors have been constructed to yield speeds of 
450, 600, 900, 1,200, 1,800, and 3,600 rpm, where 
windings A, B, and C give, respectively, the first 
and third speeds, the second and fourth speeds, and 
the fifth and sixth speeds. 


Characteristics of two-speed motors 


Three general types of two-speed motors are rec- 
ognized and standardized by the National Electric 
Manufacturers Association (NEMA). These are: 
constant-torque motors, which develop approximately 
the same full-load turning effort with about the 
same temperature rise at both speeds; constant- 
horsepower motors, whose full-load torques for about 
the same rise in temperature are inversely propor- 
tional to the respective speeds; and variable-torque 
motors, whose full-load torques are directly propor- 
tional to the respective speeds. Each type of three- 
phase, two-speed motor must obviously receive spe- 
cial design treatment, but, as indicated by Table I, 
the winding is always connected consequent-pole for 
the low speed and conventional-pole for the high 
speed. The phase connections (series-delta, two- 
parallel-star, or series-star) for the two speeds depend 
upon the motor classification. 

Each classification listed in Table I has certain 
operating characteristics that are particularly suitable 
for specific applications. Constant-torque motors are, 
for example, used for compressors, conveyors, stok- 
ers, printing presses, many machine tools, and tex- 
tile, baking and laundry machines. Common appli- 
cations of the constant-horsepower motor are lathes, 
shapers, grinders, and boring mills where consider- 
able torque must be developed at low speed and 


(B) Four-pole (C) Eight-pole 
consequent- 
pole 


FIG. 5. Torque vs. speed characteristics 
of single-winding, two-speed induction motors. 


much less torque at high speed. In fans, blowers, 
centrifugal pumps, etc., the required horsepower in- 
creases approximately as the cube of the speed. 
Hence, the variable-torque motor is favored. 

The torque-vs.-speed characteristics of Figure 5 
indicate how the three motor classifications are 
related, assuming that all perform similarly when 
operated on high speed. Since horsepower output 
is proportional to the product of torque and speed: 

(1) For a constant-torque motor, the maximum 

horsepower output at low speed is one-half 
the high-speed value. 

For a constant-horsepower motor, the maxi- 
mum torque at low speed is twice the high- 
speed value. 

For a variable-torque motor, the maximum 
hoisepower output at low speed is one-fourth 
the high-speed value. 

For the purposes of standardization, certain ter- 
minal markings have been adopted by manufacturers 
of single-winding, two-speed motors. Figure 6 shows 
the three standard torque and horsepower classifica- 
tions and presents tables giving the line and termi- 
nal connections and the corresponding winding 
polarities and connections for low and high speeds. 

Figure 7 illustrates in detail how the stator wind- 
ing of a constant-torque motor is actually con- 
nected for 4/8-pole operation. The control circuit 
included on the diagram permits the machine to 
start on fast or slow; but when the machine is 
operating at the high speed, it may not be shifted 
to slow speed until the stop button is pressed. 


Single-winding, two-speed motor— 
Consequent-pole operation at both speeds 


As previously indicated, the author has invented 
a switching system for the two-winding, two-speed 
motor that may be used to connect a single winding 
for any two speeds, but preferably for a combina- 
tion of poles that differ by two, i.c., four and six 
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poles, six and eight poles, cight and ten poles, etc. 
Unlike the winding that is connected conventionally 
for one speed and consequent-pole for the other 
(Figure 6), the new scheme* permits the motor to 
operate by the consequent-pole principle at both 
speeds. Although two-speed motors of this type 
could be effected with conventionally connected 
windings, such winding arrangements would require 
that a great many terminal leads be connected to 
an expensive controller having an impracticably 
large number of contacts. In contrast, the winding 
to be described has a total of 15 terminal con- 
nections that are connected to the equivalent of a 
six-pole, double-throw switch. 

Each phase of a consequent-pole winding has 
half as many pole groups as poles, because each 
pole group always creates the equivalent of a con- 
ventional pole and a consequent pole. Moreover, 
all pole groups are always connected to establish like 
polarities for any assumed line connections. These 
winding conditions are responsible for the small 
number of terminal leads and the comparatively 
simple switching procedure. 

For the purposes of this discussion, consider a 
particular stator core (with, say, 36 slots) that is 
to have a winding designed for four-pole/six-pole 


*U. S. Patent No. 2,715,204 issued to C. S. Siskind 
Aug. 9, 1955. 
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FIG. 6, Terminal markings and 
connections for single-winding, 
two-speed induction motors. 


operation. Since the winding is to be connected 
consequent pole for both speeds, there will be two 
pole groups per phase for the a connection 
and three pole groups per phase for the six-pole 
connection. This means that the number of coils 
per ‘ats group will be 36/(2 x 3) = 6 when the 
machine is operating as a four-pole motor, and 
36/(3 x 3) = 4 when it is operating as a six-pole 
motor. It thus becomes necessary to connect series 
groups of coils permanently as shown in Figure 8A 
so that a switching system will arrange a succession 
of six coils per pole group for — operation 
(Figure 8B) and a succession of four coils per 
pole group for six-pole operation (Figure 8C). 

Figures 8B and 8C, in which the coils are num- 
bered in a clockwise direction, reveal the following: 

(1) For four-pole and six-pole operation: coils 1, 
2, 3, + remain in phase A; coils 7, 8, 29, 30 remain 
in phase C; coils 33, 34, 35, 36 remain in phase B 
and need not be switched. 

(2) When changing from four-pole to six-pole 
operation: coils 5, 6, 19, 20 must be switched from 
phase A to phase C; coils 21, 22, 23, 24 must be 
switched from phase A to phase B; coils 9, 10, 11, 12 
must be switched from phase C to phase B; coils 
25, 26, 27, 28 must be switched from phase C to 
phase A; coils 13, 14, 15, 16 must be switched 
from phase B to phase A; coils 17, 18, 31, 32 must be 
switched from phase B to phase C. 


—> Conventional - 4-pole 
—-> Conseq. pole - 8-pole 
\8 Afs 





























FIG. 7. Winding diagram and control circuit for a 
single-winding, two-speed, constant-torque induction motor. 


Motor may be started on fast or slow but, when operating fast, 


may not be shifted to slow until the stop button is pressed. 





(A) Fundamental coil connections 


6 coils per pole 
group Cl 


23 
19 17 


(B) Four-pole connections 


FIG, 9. Wiring diagram of selector switch 
connected to a 36-coil stator for four- and 


six-pole operation by the consequent-pole method. 


6 PDT switch” 


From the foregoing, it is seen that there are nine 
groups of coils, each group having four series-con- 
nected coils; thus, there are a total of 18 terminal 
ends. If three terminal ends of the first three 
groups are used as line wires (i.e., from coils 1, 7, 
and 33) and three terminal ends are used as the 
star point of a star-connected winding (i.e., from 
coils 24, 28, and 32), there remains a total of 12 
terminal ends for connection to a six-pole, double- 
throw switch, Figure 9. If the winding is traced 
with the switch first closed up for four-pole opera- 
tion, then closed down for six-pole operation, con- 
nections will correspond with those of Figure 8. 

Since this type of winding permits motor opera- 
tion at two speeds not in the ratio of 2 to 1, two 
of them may be employed to give a four-speed 
combination that is not possible with the conven- 
tional/consequent-pole connection illustrated in Fig- 
ure 7. For example, a set of 60-cycle base speeds 
such as 900, 720, 600, and 514 rpm may be obtained 
with one 8/10-pole and one 12/14-pole winding. 

It may be desirable with certain slow-speed motors 
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(C) mi connections 


FIG. 8. Winding 
connections for 
four/six-pole motor 
operation by the 
consequent-pole method 


FIG. 10. Simplified wiring diagram of 72-coil 
stator connected to a selector switch for eight- and 
12-pole operation by the consequent-pole method 


to have a winding develop combinations of poles 
that differ by four; the base speeds will be separated 
more widely than when P, = P, + 2. This is 
readily possible with the consequent-pole winding 
described. Figure 10 shows a simplified wiring 


diagram of an 8/12-pole winding in a 72-slot stator 
in which the 72 coils are numbered consecutively 
as before. For such a core the number of coils per 
pole group for the eight- and 12-pole combina- 
tions are 72/(4 x 3) = 6 and 72/(6 x 3) = 4, 
respectively. The following points should be noted: 
(1) there are nine groups of coils, each of which 
has eight series-connected coils; (2) three groups 
of coils, 1 to 40, 7 to 66, and 33 to 72, are placed 
in the line circuits and require no switching; (3) 
the winding is star-connected, with coils 60, 64, 
and 68 providing the three terminals for the star 
point; (4) six groups of coils, 5 to 56, 9 to 48, 13 
to 52, 21 to 60, 25 to 64, and 17 to 68 are again 
involved in the switching procedure when the speed 
is changed from 900 to 600 rpm and vice versa. 
These windings are generally for constant torque 
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Speed Control by Frequency Variation 


Whenever a single-winding, single-speed squirrel- 
cage induction motor must 4 used in a variable- 
speed drive, it is necessary to provide an adjustable- 
frequency source. This source may take one of two 
forms: (1) a separate alternator, whose de field is 
excited from a constant-voltage source and which 1s 
driven by a variable-speed prime mover; (2) a fre- 
quency changer, driven by a de or ac motor. 

The alternator method has been limited largely 
to applications such as _ — ulsion, in which 
the motors represent the only loads in the electrical 
system. When several motors are connected to the 
alternator, all will change speed simultaneously as 
the frequency is varied. The control problem here 
is the variation of the mechanical power output of 
the machine that drives the alternator. Since the 
field excitation is maintained constant, all frequency 
variations are accomplished by proportionately chang- 





(when the frequency output must be essentially 
constant) or an adjustable speed dc motor (when 
the frequency output must be varied). 

A phase-wound rotor motor can operate as a 
frequency changer because a synchronously revolving 
field of constant magnitude is created when its 
stator winding is connected to a polyphase supply. 
With the rotor locked, the machine acts as a static 
transformer and line-frequency voltages are developed 
in the rotor winding. If the rotor is driven at 
synchronous speed by a coupled motor in a direction 
opposite to that of the revolving field, the flux cuts 
the conductors at twice synchronous speed, and the 
induced frequency and voltage become double the 
standstill values. Furthermore, at a rotor speed that 
is twice the synchronous rpm against the revolving 
field, the output frequency and voltage will be three 
times the blocked-rotor values. However, if the rotor 

is driven in the same direction as that 
of the revolving field, the frequency 


and voltage are reduced proportion- 
ately until, at synchronous speed, they 
reach zero. These statements may be 
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ing voltage; this results in an unvarying value of volts 
per cycle and, in turn, permits the induction motor 
to operate at constant flux density. 

Because speed increases as frequency is raised, 
motor cooling is improved; as a result, higher cur- 
rent densities are permissible, even though iron 
losses, friction, and windage increase. Since with 
constant flux density torque is proportional to cur- 
rent, and since power output depends upon torque 
and speed, the panel: developed by an induc- 
tion motor rises more rapidly than the speed. The 
reverse is true as the frequency and speed are 
lowered. 

The frequency changer method is often employed 
when the speed of a squirrel-cage induction motor 
must be greater than that possible with standard- 
frequency sources. The changer is usually a wound- 
rotor induction motor operated as an induction 
frequency converter. The latter behaves like an 
alternator, being driven by another induction motor 
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Frequency converter liver a 


FIG. 11, Schematic diagram of an 
induction frequency converter 


expressed in general terms: 


ais rotor 
) Se f (: + ao ) 


where f is the line frequency and 
S,t0or is the speed at which the rotor 
is driven by its coupled motor. The 
plus and minus signs indicate rotor 
rotation that is, respectively, against 
and with the field. 

If the frequency converter miust de- 
stepless_variable-frequency 
source to an induction motor, the 
driving unit is usually an adjustable- 
speed dc motor. More commonly, 
however the induction frequency con- 
verter provides a constant high-fre- 
quency (about 180 cps) to run a 
squirrel-cage induction motor at ap- 
proximately three times the normal- 
frequency speed. This may be accomplished with a 
four-pole induction motor driving an_ eight-pole 
wound-rotor motor. With the stator winding of 
the frequency converter connected to a 60-cycle 
source, its revolving field speed is 900 rpm. Thus, 
when the phase-wound rotor is driven at 1,800 
rpm against the direction of the revolving field, the 
frequency and voltage developed at the converter slip 
rings are three times the locked-rotor values. 

Figure 11, which illustrates such an arrangement, 
includes the control circuit for starting the motor- 
converter set. This circuit prevents damage to the 
converter winding should it be connected to the ac 
source while the driving motor is shut down. The 
triple-frequency output of the converter is accom- 
panied by a voltage that is three times the blocked- 
rotor voltage; however this is a satisfactory value 
for the load motor because the constant volts per 
cycle across its terminals cause it to operate at a 
desirable constant flux density. 


180-cps 
output 





Wound-Rotor Motors 


Phase-wound-rotor motors are generally designed 
and used to develop considerable (often maximum ) 
starting torques while taking comparatively low 
inrush currents. This is accomplished by inserting 
the proper values of resistance in the rotor circuit. 
Under these conditions the motors operate essentially 
as squirrel-cage machines, i.e., with small slip at 
rated load. The external rotor resistors may be 
selected for short-duty service since they function 
only during the accelerating period. 

When resistance is connected in the rotor circuit 
while the motor is operating under load, the speed 
will drop. For a given load torque, the rotor cur- 
rent must remain unchanged; the rotor must, there- 
fore, slow down to generate a higher voltage in the 
presence of a higher rotor impedance. External rotor 
resistors used in this way for speed-contro] purposes 
must have a continuous-<duty rating. The difference 
between resistors used for starters and speed con- 
trollers is largely a matter of heat dissipation. 

The power developed by the rotor of an induction 
motor depends, among other things, upon the 
voltage across the rotor winding. Thus, when the 
slip rings of a wound rotor are short-circuited (no 
external resistance), all the generated rotor voltage 
is available to develop rotor power; under this con- 
dition rotor efficiency is a maximum for a given 
output torque. When external resistors are con- 
nected in the rotor circuit to lower the speed, how- 
ever, a portion of the generated emf (the IR drops 
across such resistors) is no longer available for motor 
power. As a result, the power output for an equiv- 
alent value of torque is reduced proportionately (even 
though the flux and current remain unchanged), 
and the motor efficiency suffers greatly. Rotor eff- 
ciency is equal to the ratio of rotor power output 
(RPO) to rotor power input (RPI), and these in 
turn, are equal to 

RPO = I*z Re (1 — 8)/s 
and 
RPI = I?p Re lg 
where I, and Rez are rotor current and rotor resist- 


Resistance 
controller 


FIG. 12. Resistance controller connected to 
a phase-wound motor for speed adjustment. 


FIG. 13. Wiring diagram 
showing two induction 
motors connected in cascade, 





ance, respectively. It follows that the rotor efficiency 
may be expressed as: 


I?z Rr (1 — 8)/s 
Ip Rr /g 
This means that the overall motor efficiency is even 
less than (1 — s). Thus, a reduction in speed of 50 
percent of synchronism (s = 0.5) by the insertion 
of resistance in the rotor circuit would cause the 
motor to operate at an efficiency less than 50 per 
cent. This method of speed control is therefore not 
satisfactory for large speed-controlled, phase-wound 
rotor motors, especially when there must be a con- 

siderable speed adjustment below synchronism. 

Small and moderate-size wound-rotor motors are 
often employed for high-starting-torque, low-starting- 
current installations that require reasonably fine 
speed control. Such applications include hoists, 
cranes, ventilating equipment, coal-handling bridges, 
stokers, and printing presses. A wiring diagram for 
a phase-wound rotor and its resistance controller is 
shown in Figure 12. 


Cascade method of speed control 


When two induction motors, wound for P, and 
P,, poles, are mechanically coupled and electrically 
connected in cascade (or concatenation), the set 
operates at a speed corresponding to a single machine 
having (P, + P,) or (Ps — Ps) poles. One of the 
motors (machine A) must be a phase-wound-rotor 
motor, with the same number of effective turns on 
the rotor as on the stator. The other (machine B) 
may have either a squirrel-cage rotor or a wound 
rotor. Cascading is accomplished by connecting 
the stator of motor A to the line terminals and 
energizing the stator of motor B from the slip- 
frequency output of the rotor of motor A. If ma- 
chine B has a wound rotor it is connected to a 
resistance controller for finer speed adjustment pur- 


= (1 —8) 


CY rotor = 
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poses. Figure 13 illustrates how the connections 
are made. 

Three practical base speeds are obtainable with 
such a set. A fourth speed is possible but imprac- 
tical because the set is not self-starting and develops 
restricted power output. In addition to the speed 
represented by the aiding cascade connection, i.¢., 
for (P, + Ps) poles, motors A and B may be oper- 
ated independently to give speeds resulting from P, 
or P, poles. Assume that the direction of the rotat- 
ing field of motor B (energized by the rotor output 
of motor A) is the same as that of its mate; in 
other words, that both rotors tend to turn in the 
same direction. Then 


120 f 


120f 120 fa 
P, 


S = Ps (1 — 8p) 


(1 — 84) = 


from which 
Po $4 = tate 
Pa Pe 
Neglecting the term s, ss, which is usually small, the 
slip of motor A is 
_ Ps — 
Pat Ps 


84 = 


Substituted in the originai equation, this becomes 
5 - 120f (: sie” )- 
F's Pat Pa P 

To illustrate the foregoing by an example, con- 
sider two coupled motors with P, = six poles and 
P, = 10 poles. The speeds of the two motors oper- 
ating independently will be somewhat less than 
1,200 and 720 rpm, respectively. However, in cas- 
cade the speed will be slightly below 450 rpm. This 
may be shown to be valid by noting that the tenta- 
tive slip s, of motor A is (1,200 — 450)/1,200 = 
0.625, and the approximate slip frequency f,, in 
the rotor of motor A is (0.625 x 60) = 37.5 cps. 
Thus, the tentative speed of motor B, like that of 
motor A, will be (120 x 37.5)/10 = 450 rpm. 
Actually, the speed of the cascaded set will be about 
3 percent less than 450 rpm when operating under 
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FIG. 14. Ring-commutator type of frequency converter 
and an adjustable-ratio transformer connected to 
a wound-rotor motor for speed-control purposes. 
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load, or approximately 435 rpm. The power divi- 
sion between the two motors will be based on the 
respective slips. Since the slip s, of motor A is 
0.625, and the slip s, of motor B is (720 — 450) 
720 = 0.375, the power developed by machine A 
will be 0.625 hp and the output of machine B 
will be 0.375 hp, where hp is the total load horse- 
power. Thus, i a load of 50 hp, motor A will 
supply 31.25 hp and motor B will deliver the 
difference or 18.75 hp. 


Rotor-voltage method 


It was shown that the speed control of a phase- 
wound rotor motor by the insertion of external 
resistors in the rotor circuit is always accompanied 
by considerable I’R losses and reduced efficiency. 
To overcome the disadvantages indicated, it is possi- 
ble to replace the IR drops in the added resistors 
by injected voltages into the rotor circuit of the 
motor. This accomplishes essentially the same result 
since the net voltage available to circulate the neces- 
sary rotor current is the same whether an IR drop 
or a counter voltage subtracts from the generated 
rotor emf. Moreover, if the injected voltage is made 
to aid that generated in the rotor, the speed may 
be made to rise above synchronism. It is apparent, 
therefore, that a method such as this has a double 
advantage: (1) it eliminates wasteful power losses, 
and (2) it permits the motor to operate above as 
well as below synchronous speed. The scheme is, 
however, expensive because special types of machines 
are required to supply the necessary rotor voltages. 
Hence, it is used only in large installations where 
the cost of the additional equipment can be justi- 
fied on the basis of improved overall efficiency and 
wider speed adjustment. 

Important to this method of control is that the 
voltage injected into the rotor circuit be kept at 
slip frequency. Since the rotor frequency increases 
progressively as the speed drops below or rises above 
synchronism, the equipment supplying the injected 
voltage must automatically adjust itself to generate 
slip-frequency voltage as the speed of the main 
motor is changed. In one fundamental design, the 
machine that supplies the adjustable voltage for the 
phase-wound rotor is somewhat similar to a rotary 
converter, except that the stator is a laminated core 
with no winding, acting merely as part of a good 
magnetic circuit. The rotor contains the usual dc 
armature winding that is connected to a commuta- 
tor at one end and slip rings at the other. As illus- 
trated by Figure 14, the brushes riding on the rings 
are connected to the three-phase power lines through 
a set of adjustable-ratio transformers, while another 
set of brushes, spaced 120 electrical deg apart, rests 
on the commutator and is wired to the wound-rotor 
slip rings. This machine is coupled to the main 
motor and therefore always operates at the same 
speed as the latter. 

To understand why the slip-ring frequency of the 
converter always matches the slip frequency of the 
wound-rotor motor, it is necessary to recognize the 
following conditions of operation: 

1. Line frequency currents enter the ac end of 

the converter to set up a revolving field that rotates 





at synchronous speed with respect to the armature- 

winding conductors. 

2. If the rotor is at rest, the field thus produced 

revolves in space at synchronous speed. 

3. If the rotor revolves at synchronous speed in 

a direction that is opposite to the motion of the 

field with respect to the moving conductors, the 

field is stationary in space. 

4. At any speed intermediate between rest and 

synchronism, the field revolves at a speed that 

is the difference between synchronism and that 

of the rotating machine. 

It follows, then, that the frequency at the com- 
mutator brushes is always identical with the inter- 
connected wound-rotor rings. Particularly, the com- 


mutator-brush frequency and the slip frequency are 
both f cps when the rotor is at rest, and the two 
frequencies are 0 cps when the rotor turns at syn- 
chronous speed in a direction opposite to the rota- 
tion of the field with respect to its own conductors. 
As in all rotary converters, the voltage at the com- 
mutator end bears a very definite ratio to the 
impressed voltage at the slip-ring end. This means 
that with an adjustable-voltage transformer to supply 
power to the ring end, the correct voltage (for the 
desired speed) will be available at the commutator. 
The method permits the operator to control the 
speed of a cunstant-torque application over an ex- 
tremely wide range above and below synchronism 
and to do so steplessly. 


Variable-Speed Commutator-Type Motors 


The auxiliary equipment required for the speed- 
control method just described may be greatly sim- 
plified by employing specially designed commutator- 
type induction motors. Such machines have stand- 
ard stator cores and windings, but the rotors differ 
considerably from the usual phase-wound construc- 
tion. Using motors of this kind, two general schemes 
have been developed that introduce variable slip- 
frequency emfs into the rotors for speed-adjustment 
purposes. In one of these, the adjustable line- 
frequency output of a three-phase regulator is im- 
pressed across the brushes that ride on the commu- 
tator and automatically converted to the proper 
rotor-winding frequency. In the other, no external 
equipment is required; all elements of the funda- 
mental system are combined in a unified structure, 
and speed adjustment is accomplished by a unique 
brush-shifting arrangement. 


Regulator method of speed control 


As the schematic diagram of Figure 15 illustrates, 
the stator consists of a standard core with its poly- 
phase winding (star-connected in this case) wired 
to the three-phase source, and a rotor that resembles 
the familiar dc armature. Riding on the commuta- 
tor are three sets of brushes, 120 electrical deg apart, 
that are energized with line-frequency emfs from a 
pair of mechanically coupled single-phase regulators 
connected in open-delta. These line-frequency brush 
voltages tend to create a revolving field in one 
direction and are converted to rotor-winding slip- 
frequency voltages if the rotor revolves in the oppo- 
site direction. This means that the speed of the 
motor can be changed when the output voltage of 
the regulator is varied (as is done in Figure 14 by 
changing the tap on the adjustable ratio trans- 
former). 

With this method, speed adjustment above as 
well as below synchronism is possible by altering 
the direction of the injected emf E, with respect to 
the induced voltage sEsr (where Ez is the voltage 
induced in the rotor winding when the rotor is 
blocked). Thus, for a given load torque, the rotor 


nt i z 
current 1s sEnn = E, 
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FIG. 15. Wiring diagram of a polyspeed 
(Crocker-Wheeler) induction motor. 


where Z, is the rotor impedance and the minus and 
plus signs are used for opposing and aiding voltages, 
respectively, in relation to the induced emf spp. 
Assuming constant-torque operation, under which 
condition I, does not change, and neglecting varia- 
tions in rotor reactance with changes in slip, it fol- 
lows that 

k, = kes = E; 
from which 

s=k=k’ E; 


This equation indicates that, in general, the slip is 
always positive (with the speed below synchronism) 
when E, opposes sEzx, and negative (with the speed 
above synchronism) when E, aids sE pe. 


Brush-shift (Schrage motor) method 


The parts of the speed-control system of Figure 14 
(wound-rotor motor, frequency converter, and ad- 
justable-ratio transformer) were combined into a 
single structure by K. H. Schrage of Sweden. The 
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Schrage motor consists of a special phase-wound 
motor whose rotor winding acts as the primary (it 
is connected to the three-phase source through a 
set of slip rings) and whose stator winding performs 
as the secondary, This is just the reverse of the 
functions of the stator and rotor windings in the 
standard wound-rotor motor. In addition, there is 
a third winding that acts as an electromagnetic link 
between primary and secondary, and as a source of 
slip-frequency voltage for the secondary. This so- 
cailed tertiary winding is placed directly over the 
primary and connected to a commutator mounted 
on the shaft end opposite the slip rings. Instead of 
being connected to a resistance controller, the sec- 
ondary winding is wired to three pairs of brushes 
that ride on the commutator. Speed control is 
effected by moving a lever or turning a handwhceel 
that shifts the three sets of brushes. Because of the 
simplicity of operation and the ease with which a 
large stepless speed range can be obtained above and 
below synchronism, the motor is widely used for 
many moderately small industrial applications. 

A schematic diagram of the Schrage motor, show- 
ing the general arrangement of windings and their 
connections to the commutator, brushes, and rings, 
is given in Figure 16, Although the machine would 
operate with only one winding, the two-winding de- 
sign is preferable in the brush-shifting motor because 
the voltage between adjacent commutator segments 
can be minimized to fulfill the requirements for 
sparkless commutation, 

An important detail of construction is the con- 
nection of the ends of each stator (secondary) phase 
to an independent set of brushes. The operation of 
the lever or hand wheel shifts the three sets of 
brushes simultaneously so that corresponding pairs 
may be made to move closer together or farther 
apart. Each pair may come axially into line on the 
same commutator bar, or may be shifted to cross 
similar electrical positions on the commutator. With 
the brushes as shown in Figure 16, the motor speed 
will be below synchronism; when corresponding 
pairs are lined up axially on the same segment, the 
speed will rise slightly; and with the brushes in 
crossed positions, it will be above synchronism. 

When the rotor (primary) winding is energized 
from a three-phase source, a revolving field is created. 
The stator tends to turn in the same direction, but 
since the outer structure is fixed and cannot move, 
the rotor turns in the opposite direction. If it is 
assumed that each set of corresponding brushes is 
lined up axially on the commutator, that the three 
secondary phases are short-circuited, and that the 
motor is operating without load and internal losses, 
the rotor will come up to about synchronous speed. 
Under this condition the magnetic field is stationary 
in space and behaves exactly like the field established 
by the poles of a de motor. The tertiary winding, 
with its coils connected to a commutator, cuts the 
stationary field and generates a de (zero-frequency ) 
voltage. Note that this is theoretically equivalent 
to the slip frequency of 0 cps in the stator (sec- 
ondary) winding because field and winding are sta- 
tionary with respect to one another. 

When the three sets of brushes are separated as 
in Figure 16, an emf from the commutator is con- 
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nected across each of the stator phases; therefore, 
the motor speed changes. If the stator-winding con- 
nections to the commutator are made so that the 
injected voltage opposes the emf induced in the 
secondary, the speed drops. The field then rotates 
slowly and at exactly the same rate with respect to 
both stator winding and brushes, This means that 
the frequency of the induced emf in the stator 
and the frequency of the brush voltage are identical, 
an important condition if the machine is to function 
both as a frequency converter and as a variable- 
speed, wound-rotor motor. Obviously, the greater 
tne separation between corresponding sets of 
brushes, the higher is the injected voltage and the 
lower the speed. Moreover, if the brushes are 
moved closer together and then made to cross posi- 
tions electrically on the commutator, the speed 
rises above synchronism because less voltage is re- 
quired in the secondary to maintain the same load 
current for constant-torque operation. Briefly then, 
brush shifting merely permits the operator to “pick 
off” the proper slip-frequency voltage that subtracts 
from or adds to the secondary emf. 

An added benefit of the Schrage motor is that 
it lends itself to power-factor adjustment. This is 
accomplished by keeping the same brush separation 
and moving the entire brush rigging forward or 
backward. When this is done, the voltage at each 
pair of brushes remains the same, but the phase 
position with respect to the induced secondary is 
altered. ‘Thus, shifting the brushes one way in- 
creases voltage-current angle to make the power fac- 
tor more lagging, while shifting them in the other 
direction decreases the angle for improved or even 
leading power-factor operation. 


The Kraemer system 


For variable-speed applications requiring very 
large motors, from about 500 to several thousand 
horsepower, the wound-rotor induction machine is 
preferred. When used in such installations, it is, 
however, associated with auxiliary rotating equip- 
ment which, unlike resistance controllers, returns 
much of the rotor’s slip-frequency energy to the 
system. One method for doing this was previously 
described, and illustrated by Figure 14. 

Another scheme, frequently employed for stecl- 
mill drives, dredges, and other heavy-machinery 
loads whose speeds must be adjustable over extremely 
wide ranges, is the Kraemer system. There are two 
variations of the Kraemer system, which uses a ro- 
tary converter to convert the slip-frequency energy 
from the main motor rotor to useful energy. In 
one, the constant-horsepower system, de power from 
the converter is supplied to a de motor coupled to 
the shaft of the main motor. In the other, the 
constant-torque system, the converter’s de output 
ultimately drives a synchronous or induction genera- 
tor that feeds back into the ac supply lines. 

Figure 17 shows the wiring connections for the 
constant-horsepower arrangement. With running 
contacts R open, the unloaded main motor is brought 
up to speed in the usual way with the rotor-resistance 
starter. Normal excitation is then applied to the 
field of the converter, after which contacts R are 





closed to impress slip-frequency voltage across its 
rings and to permit this machine to rotate slowly. 
The field of the dc motor is excited next, where- 
upon that machine, which is coupled to the main 
motor and running at nearly synchronous speed, 
generates a de voltage that is impressed across the 
commutator end of the converter. Because a defi- 
nite voltage ratio always exists between the ac and 
de ends of a converter, a certain slip-frequency po- 
tential appears at the rings and is injected into the 
rotor of the main motor. The main motor there- 
fore slows down, automatically adjusting its own 
input current for the particular load that was applied 
after starting. Slowing down the main motor in- 
creases its slip frequency and voltage. The con- 
verter speed rises, in turn, to deliver electrical power 
to the armature of the dc motor, which converts it 
to mechanical power to aid the main motor in 
driving the load. The set now stabilizes at the 
adjusted speed for the particular load, delivering a 
horsepower output equivalent to the power input 
minus the losses. 

To decrease the speed of the main drive, the 
excitation of the dc motor must be increased. This 
raises the counter emf of that machine, causes the 
voltage at the slip rings to increase, and results in 
a higher injected slip-frequency potential that brings 
about the desired drop in speed. The reverse is 
true when the excitation is reduced. In fact, if the 
excitation to the dc motor is reduced to zero (when 
the main motor operates with small slip) and is 
then reversed with slightly increased excitation, the 
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FIG. 16. Schematic of a brush-shifting 
(Schrage) motor designed for 
adjustable-speed operation. 


drive will run at synchronous speed. Under this 
condition, the converter stops and the main motor 
becomes a synchronous motor with dc excitation. 
Further increase of the reversed excitation causes 
the main motor to operate above synchronous speed 
and the direction of rotation of the converter to 
reverse. For speeds above synchronism the dc ma- 
chine becomes a generator, imposes an additional 
load on the main motor, and feeds its electrical 
power through the converter into the rotor of the 
main motor. 

Compared with other systems of speed control for 
heavy power drives, notably the Sherbius method, 
which uses such special types of equipment as ohmic 
exciters, commutator-type motors, induction ma- 
chines and transformers, the Kraemer system is 
economical; this is because the de motors and rotary 
converters are similar to those of standard design. 


Speed control with eddy-current coupling 


Used as a speed-control device, the eddy-current 
coupling functions as a slipping clutch, but without 
troublesome rubbing surfaces. The eddy-current 
coupling permits the motor to operate at constant 
speed while the load is adjusted over an extremely 
wide range below synchronism. A typical packaged 
drive based on this principle, Figure 18, consists of a 
coupling drum driven at almost constant speed by a 
squirrel-cage motor, and a field member fastened to 
an independent shaft that drives the load. 

In one well-known design of the equipment, the 
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FIG. 17. Kraemer system of speed control 


designed for constant-horsepower operation. 
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FIG. 18. Induction motor 
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coupling. (Eaton Mfg. Co.) 
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FIG. 19. Diagram of excitation 
circuit for an adjustable-speed 
eddy-current clutch drive. 











direct current required for excitation of the clutch 
coil is obtained from an electronic control panel. 
The rectified power is modulated through a feed- 
back circuit to maintain the preset load speed despite 
varying load demands. Figure 19 is a schematic 
diagram of the excitation circuit for the Ajusto 
Spede* drive. It consists essentially of four sections, 
which are interconnected to energize the clutch coil 
for definite and recurring periods of time and at such 
values of current as to maintain a desired speed. 
After the main transformer is connected to the 
single-phase ac source, voltages are induced in the 
three secondaries labeled (M), (R), and (P); these 
energize (1) the rectified current section, (2) the 
reference voltage section, and (3) the “rider” (phase- 
shift) section. The fourth section—the governor 
voltage section—is energized by the secondary of a 
small independent transformer. The transformer 
primary is connected to a feedback tachometer on 
the motor shaft. When the motor is in operation 
the four sections act simultaneously upon the grid 
of thyratron C1K to supply the proper effective value 
of pulsating current to the clutch coil. 

The thyratron circuit is a half-wave rectifier. Dur- 
ing the half-cycle when the thyratron is not conduct- 
ing, the energy stored in the highly inductive clutch- 
coil circuit is released, and establishes a current 
through rectifier Fl. Thus a smooth flow of cur- 
rent is maintained through the coupling coil. 


* Trademark of The Louis Allis Co. 
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The major speed-control adjustment of the mo- 
tor is made in the reference voltage section by 
manipulating potentiometer R5 to apply a desired 
positive potential to the grid of the thyratron. A 
constant-potential regulator tube OC3 is incorporated 
to offset the effect of line-voltage fluctuations. In 
series with the reference voltage section is one sec- 
tion that exercises a speed-governing function and 
another section that controls the maximum-mini- 
mum response to load changes. The control signals 
for the latter functions originate in the tachometer 
generator and transformer winding P. An ac “rider” 
voltage is ee on the dc signal to allow for 
fine speed changes. 

This method of speed control requires equipment 
that is rather expensive and is handicapped by high 
power losses in the coupling drum. However, it 
does have many important advantages, including: 
(1) the speed is progressively and steplessly adjusta- 
ble; (2) the controls are simple and involve rheostats 
that are small; (3) the feedback feature makes it 
possible to maintain a constant speed for a given 
speed-torque setting; (4) starts and stops are soft, 
with the result that acceleration and deceleration 
are smooth, and (5) speed changes are made with- 
out a tendency to overshoot a desired setting. 

These units are made for squirrel-cage motor in- 
stallations in sizes up to about 75 hp and are used 
in such applications as conveyors, printing presses, 
machine tools, and in paper, textile, and other con- 
tinuous-process machines. 





Continuous Testers 
Check Product Specifications 


PART Il CHEMICAL-PROPERTIES INSTRUMENTS 


THE GIST: Many new quality-control testers have been developed over 
recent years that accomplish much more than the routine laboratory tests 
can. Operating continuously and automatically, these new devices yield 
up-to-the-minute product performance information to the process operator. 
Part | of this series (Ref. 1) described physical-properties instruments. In 
this second and concluding article, the authors cover chemical-properties 
testers. To aid the users of these instruments, CONTROL ENGINEERING 
appends to their article a comprehensive list of both types of instruments 


and some of the makers. 


JOSEPH D. YANAK and ANTHONY M. CALABRESE, The M. W. Kellogg Co. 


Refractive index measures product-composition 
change. The refractive index of an ideal mixture, 
being the sum of the products of the individual re- 
fractive indices and their respective mole fractions, 
is a specific test for measuring composition changes 


of binary mixtures. Refractometers have been used 
for blending butadiene and styrene for copolymeriza- 
tion; and for feed-monitoring (or even controlling) 
superfractionators which separate two such close- 
boiling hydrocarbons as methylcyclopentane-cyclo- 
hexane or i-pentane—n-pentane. The fact that tem- 
perature measurement of the fractionator (which is 
an alternate, inferential method) is less sensitive, 
makes control by refractive index more suitable. 

Systems more complex than binary can be moni- 
tored if they can approximate a binary system. This 
is possible when the concentrations of components 
other than the one being tested remain reasonably 
constant, or when the changes in background-com- 
ponent concentrations cause little variation in refrac- 
tive index relative to the one under test. Applica- 
tions of refractometers to pseudo-binary mixtures in- 
clude correlation of octane number with refractive 
index (where octane-number improvement is due to 
increase in aromatic content), correlation of viscosity 
index with refractive index (good for control of lube- 
oil-treating towers), and control of reformate used for 
toluene production. These applications, which may 
be considered typical, replace very tedious procedures 
and give continuous monitoring. 

Most commercially-available refractometers operate 
on basically the same principle; they measure a mate- 


rial’s ability to bend, or refract, a beam of light pass- 
ing through the material. The major difference be- 
tween makes of refractometers is the methods they 
use to convert changes in refractive index into a 
usable signal. 

The operation of a typical refractometer is shown 
in Figure 1. A light beam passes through transparent 
sample and reference cells in series—the process 
liquid to be tested flows in the sample cell, and a 
standard liquid of known composition in the refer- 
ence cell—then travels to the vertex of a prism and 
from there to a light-detecting mechanism, usually a 
photocell. When the liquids in both cells are of 
identical refractive index, an equilibrium signal of a 
given magnitude is produced at the detector. How- 
ever, when the refractive indices are different, signals 
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CONTINUOUS TESTERS FOR PRODUCT SPECIFICATIONS 


Specific Gravity—Liquid 
Radioactive Source— 

Ohmart Corp., , Cincinnati, Ohio 
Industrial Nucl Corp., rel bus, Ohio 
Instruments, Inc., A Okla. 

Differential Bubbler 
The Foxboro Ceo., Foxboro, Mass 
Petrometer Corp., Long Island City, ‘N.Y. 





Gravimetric 
ican Recording Chart Co., Los Angeles, Calif. 
a ee og 
Ther & Instrument Co., Philadelphia, Pa. 





Specific Gravity—Gas 
Gravimetric— 
American Recording Chart Co., Los Angeles, Calif. 
Centrifugal ce 
The Permutit Co., New York, N. Y. 
Buoyancy 
Beck Instr ts, Inc., Fullerton, Calif. 
Flow Colorimeter 
man Instruments, Inc., Fullerton, Calif. 
Hallikainen Instruments, Berkeley, Calif. 
Color Alarm 
Hallikainen Instruments, Berkeley, Calif. 
Vapor Pressure 
Hallikainen Instruments, Berkeley, Calif. 
Precision Scientific Co., Chicago, II! 
(Reid vapor pressure) 
Flash Point—Continuous & Batch 
Precision Scientific Co., Chicago, III. 
Initial Boiling Point 
Hallikainen Instruments, Berkeley, Calif. 
End-Point 
Precision Scientific Co., Chicago, III. 
Refractive Index—Differential 
Barnes Engineering Co., Stamford, Conn. 
Consolidated Electrodynamics Corp., Pasadena, Calif. 
Phoenix Precision Instrument Co., Philadelphia, Pa. 
Thermal Conductivity 
Analytic System Co., Spontene, C 
Ins ts, Inc., os aoe Calif. 
Hays Corp., Michigan City, Ind. 
leeds & Northrup Co., Philadelphia, Pa. 
Mine Safety Appliances Co., Pittsburgh, Pa. 
Gow-Mac, Madison, N 
Water Vapor—Electrolytic 
Beck Instr ts, Inc., Fullerton, Calif. 
Consolidated Electrodynamics Corp., Pasadena, Calif. 
Manufacturers Eng. & Equip. Corp., Hatboro, Pa. 
Water Vapor—Heat of Adsorption 
Mine Safety Appliances Co., Pittsburgh, Pa. 
Water Vapor—Dew Point 
Weighing & Control Components, Inc., Hatboro, Pa. 
Capacitance—Dielectric Constant 
The Foxboro Co., Foxboro, Mass. 
Instruments, Inc., Tulsa, Okla. 
Hallikainen Instruments, (Berkeley, Calif. 
Texas Inst ts, Inc., Hi , Texas 
Alkylation Acid 
Hallikainen Instruments, Berkeley, Calif. 
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of differing magnitudes are received at the detectors. 
A null-balance arrangement is generally employed to 
reposition the prism and restore the equilibrium 
signal. The amount of prism rotation indicates the 
difference in refractive index between the sample and 
reference liquids. This rotational displacement is 
converted into an electrical reading calibrated in con- 
centration units. Differential refractometers can 
measure the difference in refractive index to 0.00002 
units. Ref. 2 contains comprehensive descriptions of 
refractometer basics, design, and applications. 


Thermal conductivity tester 


Thermal conductivity instruments are applied to 
sample streams having a significant thermal conduc- 
tivity difference in components. The resulting 
measurements can be used for specific analysis, such 
as where the large conductivity constant of a com- 
ponent—COg in flue gases, or molecular hydrogen in 
H.-N» mixture (ammonia feed), for example—per- 
mits an instrument to be calibrated for that com- 
ponent. The measurement can also be applied infer- 
entially to such binary mixtures as H2 and gaseous 
hydrocarbons. Hydrogen content of fuel gas or 
catalytic reformer recycle can be tested by thermal 
conductivity accurately and reliably enough to re- 
place a laboratory test. 

The basic instrument, Figure 2, has as measuring 
and reference cells, small, identical chambers con- 
taining hot filaments or thermistors that comprise 
two of the four resistances of a Wheatstone bridge. 
A standard gas fills the reference chamber, while the 
process fluid flows through the sample chamber. 
The bridge is initially balanced by maintaining the 
reference gas and sample gas at the same temperature. 
Any change in sample component concentration will 
affect the sample’s overall thermal conductivity and 
hence the heat transfer at the hot filament. 

The sample and reference cells are designed so 
that convection and radiation losses are negligible 
and heat-transfer variations reflect changes only in 
the sample’s thermal conductivity. Heat-transfer 
variations cause filament or thermistor temperature 
changes, which in turn result in resistance changes 
in the sample leg of the Wheatstone bridge. The 
resulting change in electrical output is experimentally 
correlated with changes in sample composition. Ap- 
plicability of thermal conductivity instruments to a 
sample stream is dependent on differences in con- 
ductivity of the components, differences large enough 
to produce about 0.05 mv de at the detector. 


Water-vapor analyzer 


Water vapor is frequently a component of process 
gas streams. In certain streams, knowing exact water- 


vapor concentrations is important to successful oper- 
ation of the process. Generally speaking, water-vapor 
content of gas streams is more significant in petro- 
chemical than in petroleum plants. 


A typical application of a water-vapor analyzer is 
in manufacturing ethylene. In the ethylene plant, 
moisture content of the gas evolving from the crack- 
ing furnaces is relatively high. Before the ethylene- 
rich gas can be passed through the purification stages 
it must be dried thoroughly to prevent ice formation 
in the low-temperature coolers. Moisture is removed 
by passing the gas through packed tower driers. An 
analyzer at the outlet checks drier efficiency and pre- 
vents wet gas from getting into the coolers. 

ELECTROLYTIC-TYPE WATER-VAPOR 
ANALYZER—The electrolytic analyzer, Figure 3, 
depends on the adsorption of moisture from a gas 
stream onto a film of phosphoric acid, and on the 
moisture’s subsequent electrolysis. The sample 
passes through a cell composed of a thin viscous film 
of phosphoric acid surrounding a helical platinum 
coil. A de current through the coil immediately 
electrolyzes the water being adsorbed on the phos- 
phoric acid film. The amount of current used is 
directly proportional to the mass of water being con- 
tinually electrolyzed. With the flow rate and tem- 
perature constant, the current can be directly con- 
verted into moisture-concentration units. Ranges of 
moisture determination are from 0-10 ppm through 
0-1,000 ppm. Care must be taken that some other 
component in the sample is not adsorbed and elec- 
trolyzed along with the water vapor, thus producing 
an erroneous reading. 


HEAT OF ADSORPTION ANALYZER—This 
tester, Figure 4, measures the heat adsorption or 
desorption of water on a solid desiccant. ‘The mois- 
ture determination is continuous cyclic, rather than 
continuous. A sample is divided equally into two 
streams, one of which passes through a regenerative 
drier and is completely dried. After passing through 
a switching manifold, the streams enter identical 
chambers in the measuring cell. Both chambers are 
filled with desiccant; thermocouples in the desiccant 
are wired in series so that the total generated emf 
indicates the temperature differential between the 
chambers. 

The reason for the differential is that, at one 
position of the switching manifold, the desiccant 
in one chamber warms as it adsorbs moisture from 
the wet stream and the desiccant in the other cools 
as it desorbs moisture to the dry stream from the 
regenerator. Each stream is alternately switched 
from one chamber to the other so that the chambers 
are alternately adsorbing and desorbing on approxi- 
mately a 4min cycle. Maximum emf is a function 
of the moisture content of the sample stream. Re 
cording occurs in stepwise fashion, with only this 
maximum developed during a cycle being recorded. 
This instrument is applicable to ranges from 0-50 
ppm through 0-5,000 ppm. 

DEW-POINT RECORDER—The dew-point re- 
corder, Figure 5, maintains a dew drop in equilibrium 
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Fig. 6 Alkylation acid 


with the sample gas stream. The sample gas is drawn 
into the tester, impinges on a small mirror, then flows 
back to the process. Before the instrument is 
brought on-stream, the mirror is refrigerated. A dew 
drop thus formed on the mirror is held in equilibrium 
with the sample gas by a null-balance electronic cir- 
cuit containing a light source, two phototubes, and 
a heating coil. The source light impinges on the 
mirror and is reflected to one phototube; the light 
also impinges directly on the second tube. The 
tubes are adjusted to a preset output difference, 
which is maintained by power to the heater coil be- 
hind the mirror. As the dew-drop size (that is, the 
gas dew point) varies, the phototube output differ- 
ence changes power to the mirror heater coil. This 
change in mirror heat brings the drop back to its 
original size and changes the mirror temperature. 
The sample gas dew-point (that is, mirror tempera- 
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in aromatic content brought about vy reforming re- 
sults in an increased dielectric constunt. And since, 
moreover, the increased aromatic content is respon- 
sible for the increase in octane nuanber of the re- 
formate over the feed stock, a correlation between 
difference in dielectric constant and increase in oc- 
tane number can be made. This measurement will 
help the operator set the optimum conditions for 
octane improvement and also check on catalyst effi- 
ciency. 

Capacitance-type instruments employ the same 
basic principle (of measuring dielectric constant), 
but vary in mechanical design and in the property- 
of-interest correlation. One will be described here. 
The measuring cell is a fixed-capacitance probe 
composed of two electrodes connected to a tuned 
oscillator circuit. As the process-liquid dielectric con- 
stant varies, the circuit detunes because of the capac- 
itance change. Tuning is automatically restored in 
the electronic circuit, which in turn repositions the 
recorder pen in proportion to the dielectric constant 
change. The ranges of this type of instrument are 
from 2 to over 1,000 mf. 


Alkylation acid tester 


Solution 
sample 
from 
process 


separating chamber The alkylation acid tester, for sulfuric acid used in 


Flow 
control Heoter Hydrometer 


Cooler 
Decanter 














Density 
measuring chamber 


ture) is continuously measured by a thermocouple. 
The dew-point tester records moisture concentration 
in the range from 5 to about 16,000 ppm. 


Capacitance measurement 


Capacitance measurement is actually dielectric- 
constant measurement. Because of the large differ- 
ence in dielectric constants of water and hydrocar- 
bons, the method yields extremely accurate measure- 


ments of the small amounts of water in oil. The 
dielectric constant is in itself an important specifica- 
tion for transformer oils (acid-treated distillates). 
Capacitance measurement has been used for, among 
other things, detecting water level at the bottom of 
oil tanks. Applied to the design of a BS&W (basic 
sediment and water) monitor for checking water con- 
tent of crude or products, in the range of 0 to 5 
percent, flowing in a pipeline, it replaces a centrifug- 
ing test or distillation test in the laboratory. 

An octane recorder is available which measures 
and records, on a continuous cyclic basis, the dielec- 
tric constants of catalytic-reformer feed and reformate 
products. Since aromatics have a greater dielectric 
constant than paraffins and naphthenes, the increase 
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the alkylation process, is a notable example of what 
can be accomplished when a tedious laboratory rou- 
tine is simulated by a continuous instrument, Figure 
6, for plant use. In the alkylation process, the main 
reaction is between isobutane and olefins, with 
H2SO, as a catalyst. Nonreacting esters are formed 
and must be removed continually with the simul- 
taneous addition of acid. The alkylation acid tester 
permits optimum reaction with acid economy. Be- 
cause the acid layer is constantly and automatically 
sampled, acid handling—needed for laboratory test- 
ing—is eliminated. 

The test performed by the alkylation acid tester is 
essentially an acid-density measurement of a prepared 
sample. The sample, containing a sulfuric acid solu- 
tion with traces of hydrocarbons, is heated in a water- 
jacketed heater, to an optimum temperature for 
hydrocarbon-acid separation. It flows first through 
a small packed column, which removes entrained 
vapors, then through a chamber, where the hydro- 
carbons are separated from the acid. Finally, the 
acid solution enters another chamber in which the 
solution density is measured by a hydrometer. The 
height of the hydrometer stem, directly proportional 
to acid concentration, is read through a sight indi- 
cator. The instrument’s range of application is from 
80 to 95 percent sulfuric acid. 
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How to Specify 
Servo Repeaters 


FRANK J. SNOW 
Waldorf Electronics 


The commercial availability of servo 
repeaters prompted this article, which tells 
step-by-step how to pick the particular servo 
you need from published data on the many 
models offered by manufacturers. 


The simplified method to be presented here for 
specifying a servo repeater is adequate for most low- 
to-medium response applications, such as 

* repeating shaft positions remotely 

* positioning analog indicators 

* driving analog-to-digital converters 

* using synchro data to position potentiometers or 

additional synchros 

For high-performance applications, such as precise 
following of rapidly changing input signals in some 
control and computing applications, a complete 
servo analysis is recommended to assure desired 
performance under all operating conditions. 

The following method applies only for servo re- 
peaters, such as the one in Figure 1, which use a 
synchro control transformer as the feedback element. 

In general, four things must be known about an 
application in order to specify a servo repeater. 
These data, listed in Table I, represent typical values 
for a potentiometer positioning application. This 
example will be worked concurrently with the de- 


TABLE | 





EXAMPLE VALUES 
1 oz-in. 
0.5 deg 
50 deg/sec 
1.3 deg @ 50 deg/sec 


APPLICATION DATA NEEDED 
1) Load-friction torque ee 
2) Statice accuracy required... ... 
3) Maximum speed............ 
4) Max. allowable total error... . 





TABLE Il 
SERVO-LOAD RELATIONSHIPS TO BE SATISFIED 





C) Static error 
D) Dynamic (total) error 


A) Dynamic range 
B) Maximum speed 








1 
Total static error (max.) 0.2 
Torque gradient (K;,)... . xh 
Torque at stall 20 
Velocity constant (K,) 50 
Maximum velocity 60 
Gear ratio—motor to output (nominal) 
Gear ratio—CT to output. 1:1 1:1 
Power requirements 


Operating temperature range 
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FIG. 1. Schematic of servo repeater that 
converts synchro data to shaft position. 


scription of the method, to best illustrate its use. 

The four application data items must be used with 
published data on available units. The relationships 
between the servo repeater and its load listed in 
Table II must be considered to make the selection. 
Table III lists the published data on three servo 
repeaters (in this case, the same servo with different 
gear ratios) which will be examined to find the one 
most suitable for the example application. The 
steps are as follows: 


Steps in selecting a servo 


In the order listed in Table II: 

A) Check the dynamic range. For proportional 
(linear) operation, the load torque on a servo 
repeater should be no more than one-fifth of 
its stall torque. (For load torques in excess of 
one-fifth stall torque, the servo will behave more 
as an on-off device, hunting between its velocity 
limit and standstill when subjected to a randomly 
changing command signal. The limit of prac- 
tical operation is one-half stall torque.) Since 
the stall torque must be five times the load 
torque (in the example, five times | oz-in. or 
5 oz4in.) the dynamic range required is at least 
5 to 1. Note that all three units in Table III 
meet this requirement for the example, so dy- 
namic range is not a deciding factor in this case. 


TABLE Ill 


Published data for three typical servo repeaters 


MODE MODEL MODEL 

100 200 500 
0 0.1 deg 

0.2 deg 

35 oz-in./deg 

50 oz-in. 

20 1/sec 

36 deg/sec 

100:1 200:1 500:1 
115 volts, 
400 cps 
(10 watts) 
—55 to 71 C 
13 oz 


same for all 
models 
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The dotted box in Figure 1 is the type of 
servo repeater that this article tells how to 
specify. Such a servo is available complete 
in standard synchro-type mountings, as shown 
in Figure 2, and includes 

¢a transistor servoamplifier 

*a servomotor 

®a gear train 

ea synchro control transformer 

ea transformer 

¢a transistor power supply 
These components can be packaged in sepa- 
rate modules for easy assembly and repair, and 
the electronic parts potted for environmental 
protection. 

Such designs reduce complete instrument- 
type servos to the level of a plug-in compo- 
nent. They can save considerable design engi- 
neering time, and are available off the shelf. 
Figure 3 shows two typical indicator applica- 
tions. The gear ratio from the synchro control 
transformer to the output is generally unity. 
When driving counters, as in the rod position 
indicator in Figure 3, this gear ratio is often 
chosen to provide full-scale travel of the coun- 
ter for one revolution of the control trans- 
former shaft. 











Check maximum speed. Select a unit with a 
no-load speed in excess of the desired maximum 


speed. Only Models 100 and 200 in Table III 
satisfy the example requirement of 50 deg/sec. 
The actual maximum speed is then limited by 
load friction (given as 1 oz-in. for the example) 
and is calculated as follows for Model 100: 


oo ee. ws tg:8 
1 oz-in. 


stall torque 


dynamic range = lead darene 


and thus 
maximum speed = 120 (1 — 1/10) = 108 deg/sec 
This is based on the practical assumption that 
the load-torque curve is linear, and one-tenth 
of the torque (hence speed) is used to overcome 
friction. Similarly for Model 200: 
dynamic range = 20:1 

and maximum speed = 60 (1 — 1/20) = 57 deg/sec 
At this point both Models 100 and 200 are still 
adequate. 

C) Check static error. 
Total static error = static error (no-load) + load 
friction error 
For Model 100, 


friction error = oe 
torque gradient 


1 oz-in. 


ah oz-in./deg = 0.14 deg 


and total static error = 0.2 + 0.14 = 0.34 deg 
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FIG. 2. Entire servos, including power supplies, are available 
from several makers in standard synchro mountings as shown. 


FIG. 3. Two indicator applications of servo repeaters. 
Left, a nuclear reactor rod position indicator. 
Right, an aircraft rate of climb indicator. 


For Model 200, 


_1 ovin. 
14 oz-in. 
and total static error = 0.2 + 0.07 
= 0.27 deg 
Again, both units satisfy the static accuracy of 
0.5 deg. 

D) Check total (dynamic) error. The maximum 
dynamic error is the sum of the total static error 
and the velocity error (not strictly true, since 
most loads have running torques less than start- 
ing torques, but safely on the high side). 

For the example, with Model 100, 
maximum speed 


locity e et eo 
en eae velocity constant 


friction error = = 0.07 deg 


50 deg /sec neve 
50 1/sec sl 
and thus, 


maximum dynamic error = 0.34 + 


1.0 
1.34 deg 
For Model 200, 


P 50 deg/sec 
velocity error 50 1/sec 
and 
maximum velocity error = 0.27 + 1.0 
= 1.27 deg 

Since only Model 200 satisfies the example re- 
quirement of 1.3 deg maximum allowable total 
error, this unit should be specified in this case. 





CONTROL ENGINEERING GOES TO A MEETING 
A Special Interpretive Report 


Solid-State Circuitry 
Promise Today, Practice Tomorrow 


Too many control engineers still consider a transistor to be only a high- 
reliability replacement for a vacuum tube. But the transistor has developed 
many faces, some of which no vacuum tube can match. And the solid- 
state art which produced it is now fathering many other devices with 
important potentials in control applications. Here’s a look at the present 
status of solid-state developments from the particularly broad viewpoint 
of the control engineer—an interpretation of the recent Solid State Circuits 
Conference by two Control Engineering editors. 


E. J. KOMPASS and L. H. YOUNG 
CONTROL ENGINEERING 


To the control engineer, solid-state 
circuitry means increased reliability. 
In early applications, the basic reason 
for using devices such as magnetic 
amplifiers, transistors, and static logic 
units instead of the thermionic emis- 
sion vacuum tube was to increase the 
reliability of a system and to reduce 
the maintenance required. 

New devices just now being per- 
fected in the laboratory promise to 
enlarge the application of solid-state 
circuitry in the control field. They 
offer more than improved reliability. 
In linear circuitry, solid-state de- 
vices promise improved performance 
through the reduction of amplifier 
drift and the extension of frequency 
coverage. In memory and logic units, 
new static techniques mean increased 
storage capacity with speedier access. 
Applied to delicate switching jobs, 
they promise increased sensitivity and 
almost infinite life. They can also 
switch high powers with extreme eff- 
ciency. And in microwave applica- 
tions, they reduce noise levels to a 
point that may make this higher fre- 
quency more attractive. 

Looking at the short history of 
solid-state devices—and their rapid de- 
velopment—supplies some _ insight 
into where and how they can be used 
in control. Dr. Mervin J. Kelly (Ref. 


1) points out that practically a new ' 


era in physics was born with the work 
on semiconductors, started in 1938 


by a group under William Shockley. 
The solid-state group soon found, says 
Kelly, that the road to increased under- 
standing was through single crystals 
of highest purity or controlled im- 
purities in amount and kind. All the 
semiconductor devices which have 
evolved—transistors, diodes, rectifiers, 
voltage limiters, and counters—are 
based on, and completely dependent 
on, this new state of matter, the 
highly pure single crystal. 

Some of the most promising work 
today, Kelly continues, is still with 
these single crystals. Three examples: 

¢ferromagnetic materials whose 
parametric amplifiers, made of single 
crystals of garnets, are 10,000 times 
more efficient than the ceramic 
bonded polycrystalline ferrites they 
may replace. Ruby and sapphire single 
crystals are used as the active elements 
of the new maser low noise amplifiers. 

* single-crystal ferroelectrics appear 
to have important uses in shift regis- 
ters, counters, and memory elements. 

¢luminescent materials are used as 
television tubes, in fluorescent light, 
and in data readout displays. 


Improving linear circuitry 


Much of the original work on solid- 
state circuits was conducted to ad- 
vance communications. Applications 
in control have followed. One area of 
communication study with promise in 
the control field is the improvement 
of linear circuits, by the development 
of low-drift dc amplifiers and broad 
band amplifiers. 

De amplifiers are those with the 
ability to amplify inputs from zero 


frequency up to the highest frequency 
required in an application. Control 
engineers use them in measurement, 
instrumentation, and control equip- 
ment having dc input or output re- 
quirements. Typical applications: elec- 
trometers, de bridge-error amplifiers, 
servoamplifiers, analog computers, volt- 
age and current regulators, and drives 
for electromagnetic and electrome- 
chanical devices such as relays, sole- 
noids, and magnetic-amplifiers. 

One of the most difficult problems 
in the design of a de amplifier is the 
handling of zero-adjustment or drift 
of the circuitry. The output of the de 
amplifier consists of the amplified in- 
put voltage plus an output caused by 
the drift in each part of the circuit. 

A stabilized current amplifier, de- 
scribed by J. P. Warren and N. De 
Wolf (Ref. 2) of Transitron Elec- 
tronic Corp., uses a new low-level 
silicon transistor (the ST 1026). The 
circuit for this low-drift current ampli- 
fier is shown in Figure 1A. By starv- 
ing the ST 1026 transistor to the 
lowest current at which useful gain is 
retained, input drift terms involving 
the Vx» (emitter voltage) changes be- 
come negligible, making possible a 
considerable reduction in the — 
lent input drift of the de amplifiers 
without using choppers. 

Designed to accept inputs up to 50 
millimicroamps from source imped- 
ances up to 5 megohms, the circuit 
has a gain of 60 db—compared to a 
gain of the transistor itself of 25 db 
at 5 microamps collector current. 
Equivalent input drifts of plus or 
minus 0.5 millimicroamps per deg C 
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over a 40-<leg-C range were measured. 
Under laboratory conditions, the ex- 
perimenters found stabilities on the 
order of 0.02 millimicroamps per day 
—well below those obtained with any 
tube amplifier which does not employ 
the complexity of modulation. And 
compan to an amplifier with a con- 
ventional silicon transistor, biased at 6 
volts and 1-milliamp collector current, 
current drift is reduced 1,000 times 
for a 40-<deg ambient change. 

A similar approach (Figure 1B) has 
been followed in the design of a dc 
voltage amplifier, which produces a 
ee gain of 40 db. Designed for 
signal inputs up to 10 millivolts when 
driven from source impedances below 
a few kilohms, this design achieved an 
equivalent input drift at pies or minus 
40 microvolts per deg C over a 40-deg- 
C temperature range. Such perform- 
ance tepresents about a 30-times im- 
api v over the inherent transistor 

ase voltage coefficient. However, this 
is still not good enough for opera- 
tional amplifiers in analog computers. 
Much work lies ahead of a satisfactory 
low-drift voltage amplifier capable of 
handling large impedance sources. 

Stiffening requirements for circuitry 
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De current amplifier-current gain 60db 


in countermeasures, communications, 
direction-finding, and tracking sys- 
tems have stimulated the development 
of broadband components, devices, 
and circuits capable of performing 
over frequency ranges of as much as 
100:1. The creative application of 
transistors to amplifier circuitry has 
produced several broadband amplifiers. 

W. E. Ballentine and F. H. Blecher 
(Ref. 3), for example, have devised a 
technique of broadbanding in which 
local feedback is applied around each 
stage of a common emitter cascade. 
Advantages of the technique: design 
simplicity, easy adjustment of gain- 
frequency characteristics, and opera- 
tion down to de. This circuit (Figure 
2A) uses the mesa-type diffused-base 
germanium transistor. However, the 
approach is also applicable to alloy 
and grown-junction transistors. 

To obtain shunt feedback, a re- 
sistance and series inductance are 
connected between the collector and 
the base of the transistor. In appli- 
cation, common emitter stages can be 
connected in tandem with a local 
feedback path. Figure 2B is a circuit 
diagram for a three-stage amplifier 
with uniform gain operating (Fig- 





(B) Vas ¥ 


+30v 
575k 


ure 2C) into a 50-ohm load. For this 
study, the feedback inductors were 
adjusted so that the current gain was 
flat within 1 db out to 220 mc. 

Applying transistors with properly- 
chosen RC emitter degeneration to a 
wide-band distributed amplifier (one 
for handling high frequencies by am- 
plifying in stages along a delay line) 
has raised the input impedance, and 
exchanged gain for bandwidth without 
decreasing the gain-bandwidth prod- 
uct. L. H. Enloe and P. H. Rogers 
(Ref. 4), University of Arizona, have 
built a distributed amplifier designed 
for 150-mc bandwidth and 10-db gain 
using eight 2N502 transistors (with 
50- and 270-ohm input and output 
impedance levels). Its characteristics— 
power gain vs. frequency—are shown 
in Figure 3. 

Such high-frequency devices will be 
used primarily for the transmission of 
data and in data processing. High- 
speed computers stimulate interest in 
broadband devices. 


Solid-state memory 
developments 


Solid-state devices have an increas- 
ing importance as data storage (mem- 
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FIG, 1. The ratio of the base and collector currents specified by 
the arrows (microamp) in these two circuits determines the 
temperature at which the drift rate is exactly zero. Oven control 


can then be specified for very low drifts. 
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FIG. 3. Power gain vs. frequency for eight- 
transistor distributed amplifier with RC emitter 
degeneration in each stage. 


FIG. 2. A—basic feedback stage used in: B—three-stage video 
amplifier. Each stage is biased at 3-milliamp collector current 
and 7.5 volts collector to emitter. C—Current gain of circuit 
in B is uniform from 20 ke to 200 Mc. 
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FIG. 4. A—Read voltage amplitude vs. write cur- 
rent width for partially switched 50-30 ferrite cores. 
B—Read switching time vs. write current width. 


ory) elements, especially in high- 
speed data-handling systems like digital 
computers and telemeter data acqui- 
sition systems. Use of ferrite cores in 
such applications is well understood 
after several years of application, and 
experience with them has led to new 
areas of investigation, notably aper- 
tured ferrite plates, impulse switching 
techniques, and thin-hlm memories. 
Other devices are also under develop- 
ment for storage, such as the twistor 
and the cryotron. 

One of the problems with ferrite 
cores has been the relatively large 
pulse power required to set them to 
the opposite magnetization state at 
the speeds demanded by modern com- 
puter memories. The result is that so 
far it has been impractical to drive 
cores with transistors, at the higher 
speeds, and electron tubes have had to 
be used, One of the major potential 
advantages of core memories, long 
trouble-free life, is thereby sacrificed 
to a large extent. A promising ap- 
proach to the solution of this problem 
is the current development work on 
the pnzn switching transistor. 

The pnzn transistor described by 
Grinich and Haas of Fairchild Semi- 
conductor Corp. (Ref. 5) uses a 
thicker base region to get a higher 
peak breakdown voltage than is pos- 
sible in the more conventional pnpn 
triodes (known as controlled recti- 
fiers or “Trinistors” in higher power 
forms). Small versions of the pnan, 
rated at 2 watts continuous, have 
switched short-pulse peak currents of 
80 amps with a 50-millimicrosec rise 
time and 4 amps with 20-millimicro- 
sec rise time. In the latter case, the 
one-shot pulse-width was 60 milli- 
microsec. Here are transistors, then, 
fully capable of setting ferrite cores. 
The limitations are: the repetition rate 
for any single core driver due to the 
average dissipation rating; the peak 
power required by the core; and the 
minimum pulse width, which is in 
turn limited by device parameters and 
reactances in associated circuitry. As 
core drivers, the present repetition 


limit is about 10 kc. (For lower peak 
currents, as in logic circuitry, rates to 
200 kc are practical.) 

These repetition rates are not yet 
in the same league with vacuum-tube 
drivers; however, core switching rates 
of several megacycles are in use, and 
memory designers are seeking to in- 
crease them to keep in pace with oper- 
ating rates in other computer circuits. 
One limitation on increasing speed is 
the amount of core material that has 
to be switched. This would be simple 
if cores could be made smaller; but 
the 50-30 mil cores (the smallest in 
general use, 0.050 in. OD, 0.30 in. 
ID) already approach the minimum 
size practical for matrix wiring. 

R. E. McMahon of MIT’s Lincoln 
Laboratory described results of de- 
velopment work with impulse switch- 
ing schemes that effectively reduce 
the size of ferrite cores electrically by 
switching only part of the core mate- 
rial (Ref. 6). In the 50-30 mil core 
size, 10 mils are available for complete 
switching. By impulse technique only 
1 or 2 mils may be switched. Ampli- 
tude and duration of the write current 
determine degree of partial switching 
and hence the time constant. 

Figures 4A and B show that a mini- 
mum energy input is required to start 
the propagation of domain walls in 
the ferrite that causes switching. Thus, 
as the write-pulse duration is de- 
creased, a point is reached where its 
amplitude must increase proportion- 
ately to maintain this minimum. As 
memory speeds increase, this leads to 
the driving problem suggested above. 

Signal-to-noise ratios on readout are 
somewhat better for the partial switch- 
ing mode than for complete switching. 
(Possibly because the pulse distorting 
saturation nonlinearity is not present? 
—E.J.K.). The partial switching time 
makes 20-50-millimicrosec switching 
times possible, and thereby memory 
cycle times of 0.1 and 0.2 microsec— 
far faster than the logic circuits and 
the best driver circuits practical today. 
An experimental solid-state driver cir- 
cuit described by McMahon, Figure 


FIG. 5. Random-access driver circuit 
for impulse switching, capable of op- 
erating at 1 mce., uses pnpn diodes 


Ls Cores 











5, uses pnpn diodes (not the triodes 
discussed above), and can operate at 
1 mc in the partial switching mode. 

The problem connected with han- 
dling, testing, and wiring these neces- 
sarily small cores has also led to the 
development of the so-called ferrite 
apertured-plate memories. Such de- 
vices were discussed by C. S. Warren 
of RCA Camden (Ref. 7), where a 
4,096-word array has been constructed 
of ferrite plates about 1 in. sq and 
0.030 in. thick, each containing 256 
holes 0.030 in. in diameter. Each hole 
serves to store a single binary digit, 
just like a ferrite core. But the manu- 
facture of large arrays is much simpler, 
since a large part of the wiring can be 
done by “printing” directly on the 
plates: Single-turn “windings” are also 
printed through the holes. Thus, by 
arranging word-bit plates in a stack, 
access wires can be threaded through 
the entire stack in one operation. 

Operation of the ferrite plate makes 
use of the fact that magnetization in 
the plate decreases with radial distance 
from a hole. Control of write and read 
current magnitudes prevents inter- 
action between holes. 

This solution still has some develop- 
ment problems, including: magnetic 
properties vary throughout plates, espe- 
cially at edge holes; abrasion of wire 
insulation by the ferrite causes shorts 
that can mean costly rejection of com- 
plex assemblies (a problem shared by 
core assemblies ) . 


Thin films, twistors, 
and cryotrons 


Another approach to increasing the 
speed of magnetic storage elements is 
the development work now going on 
with thin-film devices. As explained 
by Herbert B. Callen (Ref. 8), a 
physicist at the University of Pennsyl- 
vania, the limitation on the speed of 
remagnetization of a magnetic material 
arises from loss mechanisms, which 
are microscopic processes that transfer 
energy from one mode to another. 

Remagnetization occurs in three 
stages with increasing applied field 
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tape on copper wire. 


strength. The first is a simple domain 
wall motion, and the second is a com- 
plex mixture of domain wall motion 
and homogeneous rotation of the do- 
main field. The final stage, which 
produces the fastest switching, occurs 
at fairly high applied fields and re- 
sults in homogeneous rotation of the 
magnetization. A magnetic material 
has a set of modes of angular vibration 
of the electronic spins called spin 
waves, which couple strongly to the 
mode of homogeneous rotation. This 
coupling is the primary loss process in 
remagnetization of magnetic materials. 
The thin-film geometry insures that 
few spin waves are degenerate with the 
homogeneous mode. This is the basic 
idea of the thin-film configuration. 

Thin films rotate homogeneously at 
much lower applied fields, and very 
fast switching times become practical. 
For example, 30-millimicrosec switch- 
ing is practical for only 2 or 3 amp- 
turns applied, see Figure 6. 

E. E. Bittmann of the Burroughs 
Corp. Research Center described de- 
velopment work with four by seven 
arrays of deposited nickel-iron (perm- 
alloy) films, 2,000 angstrom units 
thick (Ref. 9). The films are round 
dots of *-in. diameter on }-in. cen- 
ters on a glass-epoxy board. This array 
had a memory-cycle time of 1 microsec 
when driven by l-amp pulses with a 
150-millimicrosec rise. 
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FIG. 9. Twistor memory array siores bis in 
portions of twistor wires within word solenoids. 


Drive and sense conductors were 
arranged as shown in Figure 7, with 
the preferred orientation of the rem- 
anent fields of the dot at 30 deg 
to the drive wire. Since the drive 
field is at right angles to the drive 
wire, it rotates the dot field 60 deg, 
which then “falls” to the opposite 
state. If the drive current is applied 
in the other direction, the dot field 
rotates with the field applied, then 
falls back to its original condition. 

From Figure 6 it will be seen that 
while high switching speeds occur at 
low applied field strengths in thin 
films, the actual speed in the rotational 
mode (above the knee on any curve) 
is very sensitive to the applied field. 
A practical result is that thin film 
memories must be shielded from the 
effects of the earth’s field, which has 
a value of about 4 oersted. 

In the system described by Bitt- 
mann, a bit is stored by two dots 
instead of one. A zero is stored if both 
dots are in the N state (Figure 7) and 
a one is stored if both are in the P 
state. These double-dot techniques 
simplify wiring of the arrays (for 
printed-circuit techniques), reduce 
noise, and get good read pulses. 

Preston and Simkins of Bell Tele- 
phone Laboratories described the de- 
velopment of a buffer store using 
twistors (Ref. 10). In its original 
form the twistor was simply a twisted 


length of magnetic wire. But the 
twisted wire has been found too sen- 
sitive to strain for practical construc- 
tion of large arrays. The twistor wire 
presently being used in laboratory 
work at BTL is shown in Figure 8. 
Such twistors are fabricated by wrap- 
ping 4-mil-thick permalloy tape 4 mils 
wide in a helix around a 3-mil copper 
wire. The hope of extreme simplicity 
of memory construction with simple 
twisted wires would seem to be lost; 
but the continued development effort 
at BTL with these devices suggests 
that a satisfactory method of making 
the tape-wound twistors automatically 
has been developed. 

One of the primary differences be- 
tween the ferrite core and the twistor 
is that the hysteresis loop of the 
twistor generally exhibits a bias, also 
shown in Figure 8. This is because 
the twistor has an open magnetic 
structure. The bias is proportional to 
the magnitude of the ambient mag- 
netic field, and is also variable. 

A twistor memory array is shown in 
Figure 9. Bits are stored on the por- 
tions of the twistor wires surrounded 
by a word solenoid. Transistor driver 
circuits for twistor arrays were de- 
scribed by G. F. Abbott of Bell Tele- 
phone Laboratories (Ref. 11). 

Table I compares certain character- 
istics of twistors and ferrite cores. The 
twistor still needs a lot of development 
and is presently at the stage that fer- 
rite cores were in 1950. 

Another solid-state device being ac- 
tively developed, and which has real 
potential for miniaturizing and speed- 
ing up computer memories, is the 
so-called cryotron. This device in its 
original form consisted of a super- 
conducting wire wrapped in a current- 
inducing solenoid. A somewhat differ- 
ent form of superconducting memory 
element was described by C. J. Kraus 
of IBM (Ref. 12), who has built eight 
by eight arrays and is presently plan- 
ning 64 by 64 memory planes. The 
basic mechanism of the memory is 
shown in Figure 10; it depends on 
the fact that a superconducting ring 
reverts to its normal (resistive) state 
at a certain critical value of current. 
That is, if an external field H, is ap- 
plied, a current will flow in a super- 
conducting ring so as to perfectly 
shield the ring and prevent any flux 
from linking it. Thus, the current will 
increase with the applied field up to 
a certain critical value; above, flux will 
link the ring and the increase will be 
maintained by a circulating supercur- 
rent after the field is removed. 

The basic structure of the IBM 
superconductor memory is shown in 
Figure 11. The superconducting rings 
are created by a cross bar located over 
a hole cut out of a superconducting 





film. Drive wires placed over the cross 
bar apply the magnetic field. Any 
change in the flux pattern linking the 
cell cross bar is detected by a sense 
wire below the cell plane. The super- 
conducting material forms a perfect 
shield between the drive wire and the 
sense wire. An eight by eight memory 
plane is shown with some of its oper- 
ating characteristics in Figure 12. 

There are many difficulties yet to 
be overcome before mass production 
and use of such memories is practical. 
The superconducting films are vacuum 
evaporated onto a glass substrate, 
to thicknesses in the order of 1,000 
to 2,000 angstroms. The films must 
be thin to keep down the drive cur- 
rent requirements, which depend on 
the number of available superconduct- 
ing electrons. Present understanding 
of the performance of these thin films 
makes production unreliable and 
costly. 

Another very obvious problem with 
such devices is the necessity of supply- 
ing a liquid-helium atmosphere to pro- 
duce the near-absolute-zero tempera- 
tures required. The memory itself can 
be satisfactorily insulated to maintain 
these low temperatures, but the large 
numbers of wires connecting the mem- 
ory with the rest of the computer will 
conduct heat to the memory and 
cause considerable boil-off of liquid 
helium. A  4,000-word, 1-microsec 
memory would probably use helium at 
the rate of 4 liquid liter per hour. 


Switching circuits 


There is much work under way also 
to develop solid-state devices and cir- 
cuits for logical switching. Among 
these are various kinds of multiple- 
apertured ferrite devices, including the 
recently announced Laddic, a ladder- 
like structure developed by Bell Labs. 
A logic system using simple ferrite 
cores was described by D. C. Engelbart 
of Stanford Research Institute (Ref. 
13). Arrays of three or more cores are 
used as the storage elements of logical 
networks, which then have no need 
of any other kind of components, 
either amplifiers or resistors, and _re- 
quire simply proper interconnection 
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FIG. 10. Mechanism of supercon- 
ductive storage effect (see text). 


TABLE I—TWISTORS VS. CORES 


Twistor 


Ferrite Core 





Switching time 
Half-select current 


Output signal 
Magnetic structure 
Bit-to-bit interaction 
Influence of ambient 

magnetic fields 
Temp coefficient 
Information density 
Device cost 


1.0 microsec 

Wire = 0.1 A.T. 
Solenoid — 2.0 A.T. 
15 mv 

Open 

Must be considered 
Must be considered 


2.5 10" per deg C 

40 bits per in.” 

Much less than a few 
cents per bit 


1.0 microsec 
0.3 amp turns 


50 mv 
Closed 
Slight 
Slight 


107 per deg C 
100 bits per in.” 
A few cents per bit 





and properly phased clock sources. 

More important possibilities are 
held, however, by the direct-coupled 
unipolar transistor logic systems de- 
scri by Wallmark and Marcus of 
RCA (Ref. 14). The unipolar trans- 
istor closely resembles a switch in 
that its resistance can be varied from 
low values, for example 2,000 ohms, 
to high values such as 50,000 ohms, 
simply by varying a gate voltage. Using 
this change in resistance, most of the 
circuits well-known for a logic can 
be built by standard building-block 
combinations, usually a unipolar trans- 
istor and a resistor (Figure 13). Such 
combinations can be constructed of a 
single piece of semiconductor material. 
Instead of connecting two pieces of 
semiconductor by wires, the semi- 
conductor itself is extended from one 
piece to the next, the bridge serving 
as connection and at the same time 
lending structural strength to the as- 
sembly. Figure 14 shows how a mul- 
tiple AND gate has been constructed 
in this manner. An OR gate can be 
constructed similarly, and would look 
as Shown in Figure 15. 

[he main advantage of this tech- 
nique is the extreme compactness of 
the circuits. The packing densities 
can be as much as a thousand times 
higher than those possible with the 
best microminiaturization techniques 
in use today; that is, component densi- 
ties as high as 100 million per cu ft 
become possible with operating fre- 
quencies that might range as high as 


FIG. 11. Structure of IBM 
superconducting memory cell. 
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30 mc. Such circuits would combine 
storage and logic functions with the 
necessary amplification, all in a single 
wafer of silicon of very small size. For 
example, Wallmark and Marcus de- 
scribed a three-stage transfer tree with 
one input branching to eight outputs, 
which was only 0.06 in. by 0.32 in. by 
0.03 in. 

Other manufacturers are also de- 
veloping such solid-state circuits. 
Texas Instruments, for one, has an- 
nounced a miniature solid-state multi- 
vibrator circuit which is complete in 
a hermatically sealed unit 4 in. by 
$ in. by vy in. 


For high-power applications 


Until recently, most solid-state ap- 
plications were restricted to small cur- 
rents and wattages. Semiconductor 
devices, particularly, carried milliamps, 
dissipated less than 1 watt. But re- 
ae, the capacity of germanium 
transistors has increased so that amps 
are handled, and power dissipated is 
close to the 100-watt level. Silicon 
transistors promise even higher ratings. 
Newly available units are capable of 
switching loads of over a kilowatt. 

Power transistors have provided 
solid-state reliability in two main appli- 
cations. One is modulating power, in 
which the transistor is used essentially 
as a variable resistance and must dissi- 
pate all of the load power when the 
load is turned “off”. In such modu- 
lation applications, transistors have 
been limited to power somewhat less 
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FIG. 12. An eight-by-cight superconducting 
memory plane and some of its characteristics. 
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FIG. 13. Basic unipolar transistor 
switching circuit. 


FIG. 14. A—Logical diagram of four- 
bit AND gate. B—Schematic of direct- 
coupled unipolar transistor circuit for 
ate in A. C—One-piece silicon four- 
it AND gate. Note that slots cut from 
bottom of bar go through p-n junction 
in bar. Slots from top come within 
0.0005 in. of junction to form deple- 
tion channels. 


TABLE Il 
APPLICATIONS OF THE 
PNPN SWITCH 


Converters, de io dc, de to ac 


Phase-controlled de power supplies, 
regulated and unregulated 


Transistor-regulated dc supply 
Frequency converter, current control 
Signal switching 
Radar pulse modulator 
Ac switching heaters 
Power switch for 
line regulators 
de motor control 
two-phase servomotor 
automatic temperature control 
capacitor discharge 
Brushless alternator 
Reversible motor control 
Alternator field control 
Pulse generator using line-type modulator 
Magnetron driver 
Rate control—battery-charging circuits 
Ac variable-speed induction motor 
Pilot switch for relay coil 
Dynamic braking 
Magnetic amplifier replacement 
Light dimmers 
Constant-speed self-rectifying de motor control 
Thyratron replacement for relay drivers 
Square-wave power supply 
High-speed printer for digital computer 
Multiposition high-current commutation 
Feedback-controlled power switch 
Power oscillator 


Motor-speed control with pulsed armature cur- 
rent 


Relay replacement 

Phase detector and synchronous filter 
Power-transistor replacement 
Circuit-breaker replacement 





than 100 watts; but in the last two 
years, such applications of power 
transistors have boomed in the con- 
trol field (CtE, April 1959, p. 79). 
They are being used in power con- 
verters, power supplies, servo outputs, 
and power oscillators, just to name a 
few. And as new types of transistors 
are developed, the capabilities and ap- 
plications will expand. But the real 
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FIG. 15. An integrated silicon five-bit OR gate. 
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C/2 7 
surge lately seems to be in the second 
application, power switching, in which a 
wh Ky Load 
the transistor behaves very nearly as a . 
true switch and need not dissipate any q 608 “Seta 
. : < < 
appreciable power when the load is $ $ 
turned “off”, since the circuit is essen- UJT2 
; : Lp\ SCR2 
tially opened by the very high re- P) 
sistance of the “switch”. GE has CaS 
already put into production two pnpn 7 
switches, which it calls “silicon con- 
trolled rectifiers”, capable of handling ‘+ sted 


10 amps and 16 amps, respectively. 
And GE has developed a 50-amp unit, 
will soon raise its capability to 70 
amps. Rise times of these units is 
circuit-dependent, can be 10 to 100 
millimicrosec. Reference has already 
been made to the “Trinistor”, a 35- 
amp pnpn switch developed by West- 
tinghouse. Solid State Products, Inc., 
is producing a smaller unit capable of 
handling 10 to 1,000 milliamps. 
These devices behave very much 
like a common gas thyratron tube; 
that is, they are turned on by a small 
trigger signal applied to a control elec- 
trode (gate), and can be turned off 
only by removing the “anode” volt- 
age. For example, GE’s C35 silicon 
controlled rectifier, a 16-amp unit, can 
block voltages up to 400 volts; but 
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FIG. 16. Series inverter circuit usable for mo- 
tor-start loads, uses unijunction transistor to 
trigger silicon controlled-rectifier at a frequency 
depending on RC time constant. 


when it is fired the forward drop is 
less than 1.3 volts at 15 amps. The 
trigger signal required to fire the C35 
is typically 2 volts at 50 milliamps. 
The importance of the pnpn switch 
to control engineers is implied strongly 
in the list of applications envisioned 
by General Electric in Table II. A 
circuit suitable for starting motor loads 
(Ref. 15) is shown in Figure 16. 
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A Graphic Solution for the 
Damping of Cubic Systems 


KARL EKLUND, Parameters, Inc. 


Here's a chart that gives the damping factor and undamped natural 
frequency of systems described by a cubic characteristic equation. These 
factors can be used with published charts for quadratic systems to 
determine the response of the cubic system to various transient inputs. 


The stability of a system described by the transfer * For example, see “Handbook of Automation, 
function G(s) = N(s)/D(s) when N and D are poly- Computation and Control”, E. M. Grabbe, 
nomials in s, depends on the roots of the denomi- John Wiley & Sons, Inc., New York, pp. 20-48. 
nator, i.e.: D(s) = 0. The solution can be interpreted 
more simply if D is written in suitable nondimen- 
sional parameters, as in the well-known quadratic case 

S? + 2raS + ow? (1) 
in which is a characteristic frequency and { is a 
nondimensional parameter (damping factor) giving 
the degree of stability. Since » is defined as positive, 
the quadratic system is stable when {>0. Tables 
and charts given in many books correlate { with the 
response to various dynamic inputs. 

The nondimensional form when D is cubic is less 
well-known. It involves a comparatively complicated 
relationship between two nondimensional param- 
eters and the degree of stability. The nondimen- 
sional cubic form is 

D(s) = S* + 30S? + 38w*S + aw’ (2) 
which is stable for positive # when 9 B = a= 0. In 
this stable region the cubic equation may be further 
factored into a quadratic and a linear term 

(SP + £ 2poS + p*o*)[S + (3 — 2fu)o] = 90 = (3) 
by expressing the frequencies of the quadratic (pm) 
in terms of the frequency of the cubic (w) and a 
nondimensional term (yn). The relationship between 
{, u, a, and £ are then given by: 
a = (3 — 2f4)o (4) 
38 = 2fu(3 — 2fu) + (5) 
A solution for » and { in terms of a and 8 is plotted 
in the graph. 

Thus, to determine the degree of stability of a 
system with a cubic characteristic equation, first 
reduce the equation to the form of Equation 2 so 
that values a and B are determined, then enter the 
chart to find the corresponding factors for { and up. 
Published charts* for quadratic equations may then 
be used to find the dynamic characteristics in terms 
of { (which involve the quadratic frequency po). $>+3w S2+3Qw2S + aw = ($2 + 20 pwSty 2w2)(S+(3-2tyw)] 
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How to Reduce Interaction 
Between Control Loops 


THE GIST: Control can often be improved, with no extra equipment and with 
just a few minutes’ test or analysis, simply by making sure that the control- 
lers link the best combination of measured variable and final control element. 
By means of the simple procedures detailed by the author, interacting con- 
trol loops can be made more independent. The ideas conveyed here can 
be applied to cny controlled system in which a change in one final control 
element causes a disturbance in another loop. 


JAKE E. VALSTAR 
Hughes Aircraft Co. 


Interaction between loops exists in 
many practical control systems; for 
good control it is important to mini- 
mize this cross-coupling. In a two- 
loop system, each control loop has a 
manipulated variable and a measured 
variable. Without interaction, the 
loops are independent and can be rep- 
resented by simple diagrams like 
those shown in Figure 1A. But with 
interaction, each manipulated variable 
influences both measured variables. As 
shown in Figure 1B, a change in one 
manipulated variable (valve B) affects 
measured variables 1 and 2; in the 
same way, a change in valve A would 
affect 1 and 2. With interaction, 
there are four process gains, Ga, Gus, 
Gm, and Gy. (The interpretation 
of G,, is: the ratio of the change in 
measured value 1 due to a change in 
manipulated variable A.) Without 
controllers the four process gains do 
not form a closed loop. 

When the two controllers are con- 
nected, the two individual closed loops, 
together with the two interaction 
gains, form a closed interacting loop. 
But the controllers can be hooked up 
in two ways, Figures 1C and 1D. (It is 
supposed here that the controllers are 
hooked up in such a way that they 
give negative feedback in their indi- 
vidual closed loops.) In practice, one 
scheme will give less interaction than 
the other, so the problem becomes one 
of finding which hookup to use. 

For either scheme to be stable in 
the steady state, its open-loop gain 
must be less than unity under all con- 
ditions. The open-loop gain for 
Scheme II, for instance, can be found 
by redrawing the loop as shown in 
Figure 1E, and writing the overall gain 
from the gains of each section. Thus: 
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Cia Cop 
a i, 
of 1—CysGar eal =etas) (1) 


which reduces to: 


GarG a2 
_!1  _ Gm _ Ga 
CiCop Cia Cop 


The absolute value of loop gain is 
largest when the denominator is made 
as small as possible. This assumes in- 
finite gain for controllers C,, and Cy». 
It is conservative, because if the loop 
is stable at infinite controller gain it 
will be stable at practical values. Thus, 
Equation 2 reduces to the cross-gain 
ratio for Scheme II: 

GaGar 
GaGa 


and the loop is stable when: 


GaGar 
GaG p 


By similar analysis, the cross-gain 
ratio for Scheme I, Figure 1C, can be 
found and it will also be stable when: 

GaG wo 

Gan ~' 
Note that the cross-gain ratios are 
the reciprocals of each other. Thus, 
only one scheme need be investigated 
to yield performance information 
about both schemes: 

P If the cross-gain ratio for one 
scheme is positive and less than unity, 
it is stable; the other scheme is posi- 
tive and greater than unity and hence 
unstable 

P If a cross-gain ratio is positive 
and greater than unity, it is unstable; 
but the other scheme is stable 

> If cross-gain ratio is negative it is 
stable; and the other scheme is, too. 

When the cross-gain ratio is larger 
than plus unity, a method sometimes 
used in practice is to reverse one con- 
troller, so that it gives positive feed- 
back in its individual loop. In this 





aa © 


<2 Scheme II 


Scheme I 


way the sign of the cross-gain ratio is 
reversed and the total system is stabil- 
ized. This is a dangerous thing to do, 
however, because the interaction re- 
mains large, and if the controller with 
the correct sign is taken out of opera- 
tion (manual control) the other loop, 
with the wrong sign, runs either to 
minimum or maximum output. 

In most practical systems in which 
two control loops are interacting, ra- 
tios have negative values, so the next 
problem is to choose the’ better of 
the two stable control hookups. Either 
scheme can be used, but the one with 
the smaller absolute value of ratio is 
preferred because the two “sensitive” 
process gains are in the individual 
closed loops. Besides that, the above 
considerations are for static condition. 
At higher frequencies the sign may be 
reversed due to phase lags. In most 
practical cases the value of the cross- 
gain ratio remains smaller than unity 
at high frequencies if it starts out 
smaller for the static conditions. 


Reducing interaction in 
a pump-around circuit 


Consider the pump-around circuit, 
Figure 2. Part of the flow, F, through 
the heat exchanger, is manipulated 
for temperature control purposes by 
a separate control loop, not shown. 
However, as F, varies, it is desired to 
keep constant the total flow, F,, 
through the pump-around circuit. 
Therefore, valve B, in parallel with the 
heat exchanger, shunts that portion of 
total flow not passing through the ex- 
changer. Constant flow F;, is assigned 
as measured variable 2. The differ- 
ential pressure across the pump-around 
circuit, P, — P;, is not constant. To 
keep its variations out of the heat ex- 
changer circuit, valve A absorbs pres- 
sure variations, and thus maintains 





SIGNAL DIAGRAMS OF RELATED 


CONTROL LOOPS 





Fig.1 





Two independent loops 


Measured 
value 1 


Gay 


Valve A 


A 


Valve B 


Gg2 


Measured 
value 2 





Two loops with interaction 


Measured 
value 1 


Valve B 





Gey 
Gay 


Gao 


Gg2 





Valve A 





Measured 
value 2 











P, — P, constant. Constant pressure 
across the heat exchanger, P, — P,, is 
assigned as measured variable 1. 

Without controllers, changes in 
valves A and B will each change the 
measured variables 1 and 2. Such in- 
teraction can of course be reduced by 
connecting controllers, but a choice 
must still be made as to whether dif- 
ferential pressure should be linked to 
valve A and total flow linked to valve 
B; or whether total flow should be 
linked to A and differential pressure 
linked to B. The choice can be made 
easy by determining the four process 
gains, either by analysis or test, and 
solving for the cross-gain ratio with 
the smaller absolute value. 


By analysis 


The process gains can be found by 
analysis, as follows. Given: 
F,=300 gpm total flow =F,+F, 
F,=150 gpm nominal, but ranging 
between 100 and 200 gpm 
F,=150 gpm nominal, but ranging 
between 200 to 100 gpm 
P,—P;=100 psi nominal pressure drop 
across the pump-around circuit, 
but not less than 80 ~ 
P,— P;=35 psi drop across the heat ex- 
changer, or valve B 
The conductance factors of the lines 
are neglected in the following. 
The conductance C, of the circuit 
(the heat exchanger) in which F, 
flow is under normal conditions: 


C, =F, /(P2— Ps)"* = 150/(35)'* = 25.5 
Valve A conductance is normally: 
Ca=F,/(Pi— P2)"?* =300/ (65)! =37 
Valye B conductance is normally: 
Cp =F;/(P2— Ps)" = 150/(35)" =25.5 
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To investigate the influence of valve 
B on differential pressure across the 
heat exchanger and on total flow, that 
is, to find process gains Gy, and Gy, 
increase C, from 25.5 to 26.5. Then 
C, + » = 25.5 + 26.5 = 52. The 
total conductance is then: 
a es l 1 
(C,)? (Ca)? (Ci + g)? 
and C, = 30.15. The new flow is: 
F,=C,(Pi— Ps)" =30.15(100)" = 301.5 
or a change AF, of + 1.5 gpm. 
The new pressure becomes: 
Ps— Py =(Fi/Ci4.8)? = (801.5/52)? =33.7 
or A(P2— P;) =—1.3 psi 
Thus: 
G pe coee AF, 1.5 gpm 
Gri A(P: — Ps) 1.3 psi 
The influence of A, i.e., the values 
of G4, and G4, can be determined by 
decreasing C, from 37 to 36. This 
gives C, = 29.4 and 
F, = 29.4(50)'? = 294 and 
P, — P; = (294/51)? = 33.3 
from which it can be calculated that: 


Ga _ 1.7 psi 


Gas 6 gpm 


The odd number of negative proc- 
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FIG. 2. Pump-around circuit 
for heat exchanger. 


ess gains, specifically G»,, indicates 
that either hookup, Figures 1C or 1D, 
will be stable. If Scheme I is ciiosen, 
its cross-gain ratio is: 


GaGa __ 1.3X6 
GaGa 1.5X1.7 
On the other hand, the cross-gain ratio 
for Scheme II is: 


GaGa 
BaGa2 


=—3.1 (Scheme I) 


=— ae = —().33 (Scheme II) 
Thus, Scheme II (Figure 1D) is pre- 
ferred because it has the smaller abso- 
lute value of cross-gain ratio; that is, 
minimum interaction will occur when 
valve B controls variable 1 (differen- 
tial pressure) and valve A controls 2 
(total flow). 

Testing installed control systems for 
minimum interaction is fairly easy. 
As in the analysis procedure, all that 
is required is to find the four process 
gains. The test procedure for this is 
straightforward and fast: 1. Discon- 
nect both controllers. 2. Make a 
change in valve A large enough to 
cause a measurable change in variables 
1 and 2. When both variables reach 
steady state, measure the magnitude 
and sign of each change. These values 
give Gu/Gw. 3. Repeat step 2 for 
valve B, and obtain G»,/Gos. 4. Com- 
pute the cross-gain ratio having the 
smaller absolute value and hook up 
controllers according to the configura- 
tion associated with that ratio. 

It may turn out, of course, that 
changing a valve causes one variable to’ 
change considerably and the other 
not at all or very little. This indicates 
that the two loops are, in fact, inde- 
pendent, or noninteracting. 
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Fundamentals of Multivibrators—! 


THE GIST: The multivibrator (or flip-flop or Eccles-Jordan) circuit is one 
of the most frequently used elements in electronic control systems. It is the 
electronic equivalent of the double-throw electromechanical relay and can 
perform substantially the same functions (memory, logic, gating, counting), 
but at enormously higher speeds. This versatility and speed have made 
the multivibrator “a basic building block” for digital computers, pulse 
networks, and digital control systems. Multivibrators can be built around 
vacuum tubes, transistors, square-loop magnetic materials, neon tubes, 
thyratrons, cryotrons, or any of several other known components. Vacuum- 
tube and transistor multivibrators are the most common and are used in 
great numbers. In fact, it is the transistor’s utility in multivibrator circuitry 
that accounts largely for its spectacular success in computer and control 
applications. 

In this first of two articles, the authors begin a description of a selected 
group of multivibrator circuits that are especially applicable to control 
systems. Vacuum-tube and transistor circuitry are featured in the major 
portions of the articles; the remainder covers a variety of noteworthy 
rmultivibrator devices incorporating unijunction diodes, square-loop mag- 
netic cores, and cryotrons. For each circuit chosen, the authors give a 
detailed description of operation, performance specifications, and design 
data (including the very important factor of triggering). Their discussions 
span all operating modes: bistable, monostable, and astable. 


EDWARD KEONJIAN and WILLIAM PERZLEY grid-bias voltage E,,, and resistors Rz, Ri, and Re) 





Arma Div., American Bosch Arma Corp. 


‘ A logical study of vachum-tube multivibrator cir- 
cuits is:best begun with the cross-coupled Eccles- 
Jordan circuit given in Figure 1. This basic “flip- 
flop” configuration is described as bistable because 
only one tube is conducting at a given time, and 
this conduction continues indefinitely unless changed 
by some external disturbance. When this occurs, 
the flip-flop transfers so that the first tube is cut 
off and the other tube starts conducting. This 
condition represents the second stable state. In 
effect, the bistable multivibrator is the electronic 
equivalent of the single-pole double-throw electro- 
mechanical relay. 

In Figure 1, the plate of T; is tied to the grid of 
Tz. The latter’s plate is similarly connected to the 
grid of T;. Assuming that neither tube is firing, 
the voltages on each grid are identical. The values 
of the circuit parameters (plate supply Ey», negative 
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are so chosen that the actual grid voltage under 
quiescent conditions is approximately zero. Now, 
if T, is conducting, plate current I, causes a voltage 
drop through R; that makes the grid bias on T» 
more negative, driving the off tube into cut-off. 

T; will continue to fire until a momentary nega- 
tive pulse is impressed on its grid (or a momentary 
positive pulse is delivered to the grid of T2). The 
negative pulse extinguishes T,, eliminating the I, 
R;, drop and making the grid voltage on T2 more 
positive. Then T> fires and T; is held off as a result 
of the Iz Ry, drop—despite the fact that the negative 
pulse is removed from its grid. The output voltages 
of the Eccles-Jordan multivibrator are obtained at 
points A and B and are represented by the formulas: 

E, (on plate) = Ey, — 1, Rr 
Ez (off plate) = Ey, — Rr ee k 

The approximations given above assume that 

R, + Reg is greater than R;, and that the grid of 
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FIG. 1. Basic Eccles-Jordan 
multivibrator circuit. 



































FIG. 2. Self-biased binary requires no 
external source of negative bias voltage 








FIG. 3. 
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the on tube is clamped to ground. The cross 
coupling of the two amplifier stages assures that 
one and only one tube can be on in the steady 
state. The steady-state loop gain is less than unity; 
however, during a transition period the loop gain 
becomes greater than one. ‘This instability drives 
one or the other of the two amplifier stages into 
saturation when the plate-supply and bias voltages 
are first applied. 

The need for a source of negative bias voltage 
E.- can be avoided by introducing common cathode 
resistor Rg. This is shown in Figure 2, a circuit 
diagram of a self-biased binary in which the required 
positive cathode cut-off bias is provided by the drop 
across Rx caused by conduction of the on tube. 
The cathode potential remains approximately con- 
stant regardless of whether T; or T2 is the conduct- 
ing triode. However, in order to assure that the 
cathode potential does not drop during a transition 
period, resistor Rx is normally by-passed by a capaci- 
tor sufficiently large to provide a constant value of 


Vx. The time constant Ry¢C, is made large com- 
pared to the transition times expected. 

A binary remains in one of its stable states until 
an external signal is applied and a transition is 
forced. A negative trigger pulse delivered to the 
grid of T; initiates a transition. ‘The transition 
time can be shortened by the introduction of com- 
mutating capacitors (marked C, in Figure 3). This 
is necessary to achieve positive transition even with 
a trigger of relatively short duration. During tran- 
sition, the rise time of the voltage at the grid of 
T2 is lengthened by the input capacitance of this 
tube. (Note that the latter is actually increased by 
the “Miller effect”* as T, is pulled out of cut-off.) 





*The Miller effect accounts for the increase in input capaci- 
tance with increase in gain and is defined by the relationship: 


Cin = Con + Cop (1 + A) 

where Cin effective input capacitance 
Cu grid cathode interelectrode capacitance 
C grid to plate interelectrode capacitance 
A stage gain 
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The rise time of the plate voltage of T; is relatively 


short compared to that of the grid voltage of To. 
The function of the commutating capacitors is to 
compensate for this condition. Proper design of 
the cross-coupling network requires that the product 
of R; and C, be equal to the product of Re and Cz, 
thereby insuring that the squelch voltage applied 
to the other grid is at least as fast as the plate driv- 
ing waveform. A positive transition can result only 
if the plate of the triggered on tube has furnished 
to the opposite grid a negative-going voltage large 
enough to insure cut off. And this must be done 
prior to removal of the negative input trigger. 


Triggering considerations 


The typical multivibrator circuit given in Figure | 
may be triggered unsymmetrically or symmetrically. 
Unsymmetrical triggering involves the use of a single 
signal and induces transition in one direction only. 
A separate trigger from another source and applied 
in a different manner, is required to initiate transi- 
tion in the reverse direction. 

The application of a positive trigger, Figure 4, 
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FIG, 4. Driving capacitor C. prevents spurious 
triggering of multivibrator. 
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FIG. 5. In symmetrical multivibrator, all trigger signals are 
of the same character and are applied at the same point. 
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to the grid of the off tube will force a transition. 
However, this approach has a disadvantage in that 
the negative edge of the trigger may very well drive 
the same stage off again. This can be prevented 
by making the value of the driving capacitance C, 
large enough to hold a positive charge for some time 
despite the appearance of the negative edge of the 
trigger pulse. A disadvantage of the large value of 
capacitance C, is that it does slow the response of 
the binary. The grid is much more sensitive to a 
negative pulse. Consequently, more effective trig- 
gering results when negative pulses initiate transition. 

The trigger signal may also be applied at the plate 
of one of the tubes of the binary, preferably through 
an R-C combination. When this is done, the signal 
appears immediately at the grid of the opposite 
tube to force the transition. Once again a negative 
trigger is preferred because it tends to drive the 
relatively high impedance of the cut-off tube, while 
a positive trigger would see only the low impedance 
of the conducting tube. The most reliable method 
of triggering a binary unsymmetrically is by the 
application of a negative pulse from a high imped- 
ance source to the plate of the cut-off tube. Trigger 
triodes are incorporated in various unsymmetrical 
triggering circuits to function as a source of pulses 
for either the grid or plate of the binary. Similarly, 
diodes have been employed to provide immunity 
to undesired trailing edge disturbances. 

In one symmetrical approach to triggering, Figure 
5, positive impulses from an external source are 
applied to the grids of T; and T2 through capacitors 
Cz and Cs. All trigger pulses are of the same char- 
acter and enter the circuit at the same point. Yet, 
they will result in successive transitions of the binary. 
The conducting tube T; is not affected by the posi- 
tive trigger, but the off tube T2 is driven into con- 
duction. As the plate voltage of T2 drops, the grid 
of T,, to which it is cross-coupled, is driven into 
cut-off. Thus, a single positive trigger has forced 
Tz on and T;, off. Similarly each successive positive 
trigger causes a change of state of the multivibrator 
circuit. Negative triggers introduced into the binary 
have the same net effect, although the mechanics 
of transition are reversed. The negative pulses act 
on the conducting tube to cause an instantaneous 
reduction in plate current and a consequent rise in 
plate voltage. The increase is transferred to the 
cut-off tube, forcing it into conduction. Regardless 
of whether a negative or positive trigger is used, one 
alteration occurs with each trigger pulse. 

Numerous symmetrical trigger arrangements are 
in use, including those featuring irigger diodes, 
trigger triodes, and plate as well as grid injection. 


Speed considerations 


In vacuum-tube multivibrator circuits, the chief 
limitation to operating speed is the voltage rise time 
at a cut-off plate. The associated loading capac- 












































FIG. 6. Multivibrator with cathode followers Ts 
and T, inserted for faster response. 


itances must be charged before the steady-state plate 
cut-off voltage can be reached. The plate-circuit 
time constant is the limiting factor. This can be 
improved by lowering Ry, and the values of the as- 
sociated capacitors. Another approach is to clamp 
the plate voltage at a lower voltage than the steady- 
state cut-off voltage, thereby cutting the effective 
rise time. This has the disadvantage of requiring 
more plate current, when conducting, to supply an 
equivalent plate swing. Still another approach is 
to isolate the plate circuit from load capacitances 
by inserting a cathode follower into the feedback 
loop, Figure 6. Interspersed cathode followers pro- 
vide relatively high load-driving capabilities and 
maintain high switching speed. 


Monostable and astable multivibrators 


The previous discussion dealt with the bistable 
or “binary” circuit. The monostabl¢ circuit, Figure 
7, is largely similar but has only one stable state. 
The cross-coupling between P; and Gz is of the ac 
(capacitance) type rather than the conventional re- 
sistance form. Capacitor C is the coupling unit 
and R is the grid-leak resistor. Under normal op- 
eration, T; conducts because a positive bias is ap- 
plied to Gz via limiting (high-value) resistor R. 
And T; is held cut off by the negative bias at G, 


he 























—Ece 


FIG. 7. Monostable vibrator circuit 
has only one stable state. 


(the difference between —E,, and the cross-coupled 
voltage from P2). The multivibrator is forced into 
transition by a positive trigger at G, or Pe, or by a 
negative trigger at G2 or P;. It requires only a single 
unsymmetrical trigger, because it automatically re- 
turns to its initial stable state. 

The negative trigger at Gz cuts off T2. Then, as 
the plate voltage at P. approaches the value of Ey», 
the cross-coupling network applies a positive volt- 
age at G,, clamping the grid positive and driving 
T; into conduction. The resulting drop in the volt- 
age at P, appears instantaneously at Gz because 
capacitor C initially looks like a short circuit. The 
transient low voltage at G2 tends to hold T» cut off. 
The multivibrator remains in this quasi-stable state 
for a finite time only, because Gz is driven up again 
by plate-supply voltage E,, applied through resistor 
R. After its initial negative excursion, grid Gz grad- 
ually goes positive and, as it passes through E,,, keys 
on T2. Figure 8 shows the waveform at Gz resulting 
from a negative trigger. The length of time that 
tube T2 is held cut off is given by: 


Ew th Ri 


T = RC log. Ea-£ 


The voltages at the plates of the monostable cir- 
cuit are identical to that which would appear on 
a binary circuit with unsymmetrical triggers applied 
at times O and T: The expression given for T 
indicates the strong dependence of circuit perform- 
ance on those tube characteristics that affect I, and 
E.o. Among the numerous means employed to de- 
crease this dependence are accurate control of I, and 
use of a large value of plate voltage Ey». 


Astable circuit 


The astable circuit does not have a stable state; 
it has the equivalent of two quasi-stable states be- 
tween which the circuit will “flip” at a rate deter- 
mined by the circuit parameters. The basic circuit 
for an astable plate-coupled multivibrator is given 





FIG. 8. Waveform at grid G; of the monostable 
multivibrator shown in Figure 7 


























FIG. 9. Basic circuit for astable 
plate-coupled multivibrator. 
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FIG. 10. Waveforms produced at various points 
in astable plate-coupled multivibrator. 


in Figure 9. Note that the coupling in this circuit 
is entirely capacitive and that neither tube can re- 
main permanently cut off. The mechanics of op- 
eration are similar to that of the monostable circuit 
except that each transition is temporary. The cut-off 
time for each tube is related to its grid-circuit param- 
eters. Specifically, the off time for tube T: is given 
by the expression. 
Eu + TR 

Ex, — Evo 


and the off time for tube T; is: 


Eup +1Ri_ 
Ev, ae Exo 


tr = Rf log. 


t, = RC, log.— 


A good approximation for the time of one complete 
cycle is: 
L=h+h 


Evy + IR, 

Ew = Eco 

The waveforms at the grid and plate of tubes T; and 
Tz in the astable multivibrator circuit are shown in 
Figure 10. 


TRANSISTOR MULTIVIBRATORS 
Transistors have certain properties that are par- 
ticularly advantageous to multivibrator circuitry. 
They are small, require no filament power, operate 
at low supply voltages, dissipate relatively little 


= (RC, aa RC) log.— 
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power, are rugged, and have a service life much 
longer than that of heated filament vacuum tubes. 
Transistors also exhibit extremely linear input-output 
characteristics, which are important in switching 
applications. These advantages have enabled the 
transistor to supplant almost entirely the vacuum- 
tube in modern computers and other applications in- 
volving electronic circuits and requiring great quan- 
tities of multivibrators. 

Figure 1] shows a typical bistable transistor mulkti- 
vibrator employing two common-emitter stages. The 
circuit has two stable states: one when transistor 
T; is cut off and transistor T2 is in the conducting 
or saturated condition; and the second, when T» is 
cut off and T; is saturated. The circuit may be 
triggered into on-off operation by applying the trig- 
ger signal at points H or F (symmetrical triggering) 
or at point G (unsymmetrical triggering). Coupling 
resistors Re and Rx2 together with Rai and Roo, 
provides the transistors with a de bias. Capacitors 
Cx; and Cxe are used to by-pass the coupling re- 
sistors for maximum regenerative drive during switch- 
ing, which is analogus to what is done in tube 
multivibrators. Resistors Rz; and Ry» are the tran- 
sistor load resistors and are small in comparison with 
resistors Rg; and Rxo. 

The transistors shown in Figure 1] are of the 
n-p-n type. Even if p-n-p transistors were used, 
however, the operation of this circuit and those that 
follow, would be the same, provided that the polar- 
ities of all supply voltages and signals were reversed. 

To analyze the operation of the bistable multi- 
vibrator, assume that transistor T, is in cut-off and 
transistor T, is saturated (“on”). When a positive 
trigger signal is applied to point H, it is transmitted 
to the base of T;. As a result, T, starts conducting 
and the positive potential at point F drops. This 
decreases the bias current and, consequently, the 
collector current of T:. The regeneration action 
will continue until T, goes fully off and T, fully on. 
Thus, the trigger has reversed the state of the multi- 
vibrator, which remains in its new state until another 
trigger signal is applied. This memory property is 
required of all bistable circuits. 

Figure 12 shows another version of the bistable 
multi-vibrator that has common emitter resistance 
Ry by-passed by Cp to insure maximum transistor 
gain during the switching transient. The operation 
of this circuit is similar to that of a vacuum-tube 
multi-vibrator having a common cathode resistor. 
When T, switches from cut-off to the conducting 
state, the potential at point F falls, creating a nega- 
tive step that is transmitted through Cx, to the base 
of T2. The negative transient must be large enough 
to drive T2 into cut-off. When T; is in cut-off, the 
potential at F is approximately equal to battery volt- 
age V minus the potential drop in R,;; due to the 
coupling network, or: 


V (Ra + Rr) 


To” "Gat iate 





Similarly the potential V ze is: 
V Ra 
(Ra + Rei + Rin) 

It is assumed that the de input resistance of T2 is 
much greater than Rz:. When T; conducts, the 
potential at point F falls by an amount AV>. Thus: 

V’a = Va —AVe 

Correspondingly, the potential at the base of T2 

drops to: 


Ve = 


V'm = K(V — A Ve) 
The effect of the coupling network upon the 
transient behavior of potential Vx is illustrated in 
Figure 13. The curve shown follows the equation 


-bav.| (4 )a — ev) ten] -KV 


oe 
(Re + Rx) 


V pe (0) 


where 


y ss agai = 
Oe "Tete hl 


The time it takes Ty. to return to zero is desig- 
nated as recovery time tg. The ratio of collector 


voltage swing AV¢ to battery supply voltage V is 
given by 
AVe ow 
AY «oan (i-E)a-o 
V J 


where 
Re 
Rr 


= Ri 
Rr 


U => 
X 


Y= 

Vaz = base-emitter voltage drop of the conduct- 
ing transistor. 

The following example illustrates typical values 
for various parameters of a bistable multivibrator. 
‘Transistor parameters are: 

Current gain in grounded base configuration, 


0.98 
0.2 volt 
1.5 me. 
10 volts 
5 volts 
100 ke 
0.15 

10 

0.63 

2 ma 


Q@Bo 

Base-to-emitter voltage, V zz 
Cut-off frequency, faz 

Collector supply voltage V 
Collector voltage swing, A Vc 
Frequency of operation, /;, 
Constant K 

Constant U 

Constant KX 

Maximum emitter current, / max 
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FIG. 11. 

Typical bistable transistor 
multivibrator employing 
two common-emitter stages. 








FIG. 12. Bistable multivibrator 
designed for maximum transistor 
gain during the switching transient. 
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FIG. 13. Curve illustrates the effect of 
the coupling network on 
the transient behavior of potential V xx 
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FIG. 14. Typical common-emitter transistor 
multivibrator and curves that illustrate 
its reaction to a square-wave input trigger. 























FIG. 15. Transistor multivibrator featuring the use of diodes 
to limit saturation current and speed transition. 


For these values, the calculated circuit parameters are: 


Rr = 650 ohms Ri = 2.7 kilohms 
Cr = 0.001 mf Rp = 6.5 kilohms 
RK = 34.1 kilohms CK = 440 mmf 


In general, the switching time of the multivibrator 
circuit is determined primarily by the frequency re- 
sponse of the transistors, by the values of capacitors 
Cx: and Cx» and other circuit elements, and by the 
trigger-signal amplitude and duration. However, the 
basic factor limiting high-speed operation of tran- 
sistor multivibrators is the rate of decay of carriers 
in the base region of the transistor. This is a stor- 
age phenomenon that is governed by the lifetime 
of the minority carriers in the transistor. 

Figure 14 shows how a typical common-emitter 
transistor circuit responds to a square-wave current 
input signal. In this graph, t, and t, are the rise 
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and fall times, respectively; t, is the storage time of 
the transistor. Storage time is defined as the time 
required to shift the transistor from cut-off into 
full conduction. The rise and fall times are con- 
sidered to be the lengths of time required for the 
output current to reach 90 percent of its final value 
at saturation or cut-off. Typical values of t,, t,, and 
t, can easily be found, for transistors have the same 
parameters as those in the previous example. (ar, = 
0.98; fare = 1.5 mc.) Saturation current of the 
transistor is assumed to be 10 ma; the base drive, 
3 ma; and the reverse-bias base current, —0.5 ma 
Under these conditions, t,, t,, and t, are about 0.3, 
5.6 and 1.5 microsec, respectively. 

The transistor turn-on time can be shortened by 
increasing the base drive current. However, because 
a strong base drive causes a higher density of car- 
riers, the storage effect is more severe and the turn- 
off time longer. For this reason, the turn-on and 
saturation currents of transistors should be limited 
in high-speed circuitry. Multivibrators having a 
common emitter resistance are preferable since they 
limit the emitter. current of the transistor and pro- 
vide greater switching speed. 


Clamping diodes 


Another method for limiting saturation current 
to achieve high-speed switching is the use of diodes 
as indicated in Figure 15. Diodes Dg; and Dgp, 
functioning as clamping diodes, restrict the swing 
of the collector potential. When the collector volt- 
age falls to the value of clamping potential Vy, the 
following relationship holds true: 

Vy = Var + Vru — Vrs 
At this point, diode Dg; (or Dgz) begins to conduct; 
hence, the transistor collector voltage is maintained 
at the value of Vy. In the above equation, Vez 
is the base-to-emitter voltage drop of the conducting 
transistor, Vry is the forward-voltage drop of the 
diode Dy: (or Dy2), and Vrg is the forward drop 
through the diode Ds; (or Dgz). If it is assumed 
that transistors T,; and T,, and diodes Dg; and Dgo 
are of the germanium type, then 
Ver = Vrs 


Hence, Vy = Vez 


If Dy; and Dy, are silicon, a value of about 1 volt 
could be chosen for clamping voltage Vy. An 
added benefit of the use of clamping diodes is the 
degenerative action of the clamp circuit itself, which 
minimizes the effect of overdrive and allows a faster 
current response during switching. 

In the second part of this article, the authors will 
cover other forms of transistor multivibrators, in- 
cluding the nonsaturating, direct-coupled, mono- 
stable, and astable types. A major section of the 
article will embrace other basic multivibrator cir- 
cuits that use unijunction diodes, square-loop mag- 
netic cores, and cryotrons as the principal com- 
ponents. 
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GPE Controls can close the loop in 
computerized process control 


You can realize the benefits of modern computerized 

process control—today—because GPE Controls, Inc. 

can supply closed-loop system components manufac- 

tured by its own divisions and designed to operate 

together. 

@ Transmitters for process variables, and controllers — 
made to operate with computers 

@ The Libratrol-500 digital computer . . . with built-in 
analog-to-digital input and digital-to-analog output 
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@ Link expandable special-purpose data-processing 
systems 


@ Electro-hydraulic valve actuators from 200 to 
200,000 Ibs. thrust 


These performance-matched components, coupled 
with a quarter-century of experience in industrial auto- 
matic controls, assure optimum performance whether 
you need a closed-loop system or an expandable data- 
processing system. 


Write for information on this unique GPE Controls service 


GPE Controls, Inc. ctormeriy Askania Reguiator Company) 
240 East Ontario Street « Chicago 11, Iilinols 
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From GPE Controls... .first 
specially designed for modern 


The new GPE Controls R465 Electronic Controller 
is planned for high performance in every aspect... 
the result is the highest degree of dynamic accuracy 
possible. Three times as fast as other known control 
systems, yet comparably priced. With GPE Controls 
transmitters and valve actuators, precise control can 
be maintained at more than 20 cps. Easy, low-cost in- 
stallation, because high-level d.c. signal makes possible 
simple unshielded wiring. Instant visual comparison 
of parallel set-point and process variable indicators. 
Engineered for simplified maintenance. Another first 


from the first name in electro-hydraulic control systems. 





A NEW factual bulletin tells the “how and why” 


GS r=) —4 GENERAL of electronic control. Write for your copy today! 
( joniteole P R E + I SI ON GPE Controls, Inc. (formeriy askania Regulator Company) 
COMPANY 240 East Ontario Street + Chicago 11, Illinois 
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electronic controller 
high-performance systems! 


Matched High-Performance Control Components by GPE Controls 


Electro-Hydraulic Vaive Actuator \ 
Completely self-contained units, matched to other GPE Controls components, 
sized to meet 90% of all control valve applications. 
a 
Rotojet® Electro-Hydraulic Servo Vaive 
Single-stage simplicity with multi-stage performance. 
For larger valves and high speeds. 


Pressure/Fiow Transmitters 
Lowest differential pressure requirement of any transmitters. Automatic square root 
extraction available for straight summarization, high accuracy at low flow rates. 


és 
Libratro!l-SOO Digital Control! Computer 


Designed expressly for industrial automatic control 
applications. Simple, proved, moderately priced. 
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New MICKERS. 


Electro-Hydraulic 
Servo Valve 


has numerous advantages 

for industrial use: 

e@ Extremely Accurate 

© Simple @ Rugged @ Dependable 


This valve provides a simple, dependable means of translating control signals 
from electronic programming into extremely accurate modulated flow of 
hydraulic power for fast and precise closed loop control of position, velocity 
and acceleration. Performance has been proven on machine tools, industrial 
processing equipment and ground ordnance applications. 

Simplicity and reliability are exceptional . .. only four moving parts are 
required. Mechanical feedback linkage with unique variable fulcrum provides 
optimum flexibility for various conditions of flow, response and pressure. For 
further information, write for Vickers Engineering Bulletin 58-74, 


AMPLIFIER—increases SERVO VALVE 
electrical signal 


to usable level HYDRAULIC 





CONTROL CONSOLE—numerical control ‘<a 
or other electrical programming device Be cat 
VR 


Vickers Electro-Hydraulic Servo Valve integrated with 
piston type hydraulic motor provides a minimum 
amount of oil under compression. Integral cross line 
relief valves are provided as well as variable cross line 
orifice for controlling viscous damping. This “package” 
can provide approximately 20 hp @ 3000 psi and 3600 
rpm; variable speed of motor is 0-4400 rpm. 


TRANSDUCER measures 
actual condition 
at load for comparison 
with input command 
1. tachometer (velocity) 
2. potentiometer or 
synchro (position) 


Now the flexibility of electronic control can easily be applied an actuator (valve motor system). Shown in blue is an alter- 
to versatile hydraulic power. Vickers new industrial electro- nate application (B) for higher flows when the valve controls 
hydraulic servo valve is used (A) to directly regulate the oil to a variable volume pump (servo pump system). 


REPRESENTATIVE SERVO VALVE APPLICATIONS 


VICKERS INCORPORATED Application Engineering Offces: ATLANTA « CHICAGO CINCINNATI « CLEVE- 


D + DETROIT » GRAND RAPIDS « HOUSTON « INDIANAPOLIS « LOS 

DIVISION OF SPERRY RAND CORPORATION ANGELES AREA (Ei Segundo) « MILWAUKEE « MINNEAPOLIS « NEW YORK 
AREA (Springfield, NJ.) ¢ PHILADELPHIA AREA (Media) « PITTSBURGH AREA 

Machinery Hydraulics Division (Mt. Lebanon) « PORTLAND, ORE. « ROCHESTER « ROCKFORD e SAN FRANCISCO 


~4 AREA (Berkeley) «e SEATTLE e ST. LOUIS ¢ TULSA e WORCESTER e Factories also 
ADMINISTRATIVE and ENGINEERING CENTER in: AUSTRALIA, ENGLAND, JAPAN AND GERMANY « In Canada: Vickers-Sperry 


Department 1606 e Detroit 32, Michigan of Canada, Ltd., Toronto, Montreal and Vancouver 
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_IDEAS AT WORK 


A New Idea for Precision 
Linear Positioning 


A new, high-accuracy linear-position 
transducer, the Helixyn, combines 
the best of the Nultrax and Farrand 
systems. The sleeve pickup is effec- 
tively shifted electrically for fine 


readings, and no fine-position sub- 


servo is used. 


D. J. MYNALL 


The British Thomson-Houston Co., Ltd., 


Leicester, England 


Helically wound bar-and-sleeve posi- 
tion transducers in machine-tool-po- 
sitioning systems are capable of high 
setting accuracies (0.0002 in. or 
better), but generally require a sub- 
servo to rotate the bar to its correct 
angular position. In these systems, 
ac-excited bifilar windings on the bar 
set up magnetic fields. The field di- 
rection reverses from one turn to the 
next, as alternate turns carry the cur- 
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Conventional bar-and-sleeve positioning transducers require a separate 


subservo to rotate the bar to correct angular position to set fine-position nulls. 


rent in opposite directions. Position- 
ing a sleeve pickup so that its wind- 
ings line up with those on the bar 
gives a voltage maximum at the sleeve 
terminals. Movement of the sleeve 
along the bar gives an output with 
sinusoidal amplitude variations, with 
the nulls and maxima separated by 
one-half the winding pitch. 
Alternatively, these nulls and max- 
ima can be shifted by rotation of 


FIG. 2. Helixyn bar-and-sleeve transducer. 


the bar itself, as the helical winding 
advances or retards these nulls. With 
a winding lead of 0.1 in., rotation of 
the bar through 1/1,000 of a revolu- 
tion corresponds to a linear displace- 
ment of 0.0001 in. But this principle 
for fine-position setting requires a 
separate subservo system to set up the 
required angle (Figure 1). 

This subservo system is eliminated 
in a capacity pick-off device combin- 
ing the bar and sleeve idea with a 
winding technique basically that of a 
two-pole resolver. Heart of the sys- 
tem,Figure 2, is an insulating sleeve, 
4 in. long and approximately 13 in. 
ID, with a metallic film deposited on 
the inside. A four-start thread with a 
lead of 0.1024 in. is cut on the film by 
an 0.004-in. diamond wheel to a sta- 
tistical accuracy of 0.0001 in. The bar 
is similarly constructed but with an ex- 
ternal three-start thread occupying the 
same lead of 0.1024 in. The insulating 
layer of the bar is firmly bonded to 
the outside of a steel tube that pro- 
vides mechanical rigidity and controls 
temperature expansions. 

The system is excited through the 
sleeve by feeding alternate windings 
of the four-start threads with 10-ke 
sine-cosine signals. The paired wind- 
ings are separated by 90 electrical de- 
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NEW TAYLOR ELECTRO-PNEUMATIC 
VALVE POSITIONER 


Couples advanced 
electronic control with 
smooth pneumatic action 


A skillful combination of new and proven design features, 
the Taylor 713R Valve Positioner converts an electrical 
milliampere input from the controller into a pneumatic 

force insuring positive positioning of the valve actuator propor- 
tional to the electrical input. \t permits full utilization of the 
desirable characteristics of electronic control, coupled with 
the power and smooth throttling action of pneumatic valve 
actuators. 


The 713R has unmatched stability, due to a powerful, 
balanced armature that reduces the effects of shock and 
vibration to a minimum. It is designed for use in hazardous 
areas designated for Class I, Group D, Division I equipment. 


CHECK THESE FEATURES 


1, High threshold sensitivity— made possible by compact, 
powerful torque motor which positions stainless baffle with 
respect to stainless nozzle. 

2. Faster operating—due to high capacity leakless booster 
relay. 

3. Wide supply pressure range—operates with air supply 
pressure between 20 and 50 psi. 

4. Economy of installation and operation—designed for use 
on regular plant air. 

5. Easy, safe servicing—externally-mounted booster relay 
can be removed without breaking the electrical circuit, and 
without affecting its protection in hazardous areas. 

6. Stendard input ranges—1 to 5 ma, 4 to 20 ma, and 10 to 
50 ma dc signal. 

7. Great adaptability—same basic positioner can be applied 
to reverse or direct actuators, reverse or direct valve bodies, 
and other makes of actuators. 














See your Taylor Field Engineer, or write for Bulletin No. 98334. Taylor Electro-pneumatic Valve Positioner mounted 
Taylor Instrument Companies, Rochester, N. Y., or on new Taylor LIN-E-AIRE* Valve Actuator. 
Toronto, Ontario. 

*Trade-Mark 
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FIG, 3. Fine-position nulls are shifted by amplitude modulation of the 10-kc carrier. The 
mechanical linkage from the cambar rotates the sleeve to correct machine bed variations. 


grees (} x 0.1024 in.), and are ampli- 
tude-modulated with in-phase voltages. 
The modulated sine-cosine signal is 
obtained directly from the binary-in- 
put positional information by a relay 
matrix. As the system operates purely 


through capacitative pickup, no power 
is dissipated in the sleeve. 

The pickup bar is mounted on the 
machine, Figure 3, and separated 
from the sleeve by an air-gap of 0.025 
in. The three pickup windings on the 


bar determine positional field nulls. A 
single-start winding could be used to 
detect the null voltage occurring be- 
tween the amplitude-quadrature fields; 
but a three-start winding allows one to 
be grounded while the other two pick 
up equal voltages that are differenced 
to give a zero error signal at the 
null point. This method cancels noise 
pickup. By grounding the center 
winding, automatic gain control can 
be added to insure a constant-sensi- 
tivity pickup on the bar. 

No mechanical motion of the sleeve 
is needed to vary the null points for 
the “fine” position readings. The 
amplitude variations of the sine and 
cosine signals fed to the sleeve ad- 
vance the field electrically along the 
axis by a distance proportional to the 
numerical input over a “fine” range 
of 0.1024 in. 

Machine-bed variations are compen- 
sated easily by a simple mechanical 
linkage that follows a cambar mounted 
along the length of the bed. The cam- 
bar rotates the helical windings in the 
sleeve to advance or retard the field 
and null points. Relatively large ro- 
tations correspond to small linear 
movements—0.35 deg gives an 
0.0001-in. field advance—so that the 
cambar correction mechanism does not 
call for excessively tight manufactur- 
ing tolerances. 

Measured cyclic errors over the 
50-in. bar lengths are less than 0.0001 
in, peak (including errors in the digi- 
tal/analog conversion), and setting is 
repeatable to about 10 microinches. 


Measuring Turbidity Simplifies Titration 
R. D. EISENHARDT, Monsanto Chemical Co. 


There are times when the measurement and control of 
mole ratio between an acid and a base is quite difficult. 
Normally, flow ratio, pH, or a cascaded system of both can 
be used. In one situation, however, flow ratio could not be 
used because of random composition changes in feed mate- 
rial—and because the pH measurement vs. mole ratio was 
found to have a slope approaching zero in the operating 
range. When such cases occurred previously, it was neces- 
sary to control additional variables that had a less direct 
effect on mole ratio. This, of course, involved additional 
research and design work. 

In this particular case, the Research Dept. noticed that 
the product “cloudiness” changed as the two feed streams 
approached the correct mole ratio. Investigation revealed 
that product turbidity had a greater sensitivity to mole ratio 
than did pH (see figures). 

Using a photoelectric instrument having obstructionless 
through flow also obviated maintenance difficulties inherent 
with pH or other measurements. Plant design proceeded 
without further research or changes. 


A—Change of pH for particular product was too small for 
satisfactory control of mole ratio in operating range. B—Product 
turbidity was more sensitive, had other operating advantages. 
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PRECISION ored POTENTIOMETERS 





military and commercial applications 
Resolution to 0.05% 


Dielectric strength eelelem’) 


one minute 


ac for 
atmospheric pressure 

Resistance range: to 1OOK ohms 

Linearity: (Independent) 2% standard 
1% special 

Rotation: Mechanical 360° with stops 


iwailable, electrical 320 min 
standard, effective 300 5% standard 


Mountings: Servo and bushing 


WRITE FOR COMPLETE DETAILS 
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DOVER, NEW HAMPSHERE 
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Photocell Gages 


Improve 


Tube Filaments 


10 Times 


E. P. LAFFIE, CBS-Hytron 





Photoelectric gages have  signifi- 
cantly improved tungsten wire fila- 
ments used as heaters in electron 
tubes. These gages, which automati- 
cally control the application of alu- 
minum oxide insulation to the heaters, 
hold diameter tolerances to one tenth 
of that previously accepted. 

Savings in wire spoilage, waste insu- 
lation, and work-hour requirements 
have resulted in a 20-percent increase 
in production and amortization of the 
control gages within a year. Chipped 
coatings previously encountered in 
folding off-size coated wire, and spoil- 
age caused by attempts to assemble 
heaters of off-size wire with other tube 
elements, are no longer factors. 

Better coating control was under- 
taken to improve the reliability of 
lower-cost TV sets, which have tube 
heaters in series to eliminate certain 
components, and so subject all heaters 
to the same amount of current. Should 
one tube in the series require more or 
less time to heat up, this tube or the 
others will suffer warm-up surges and 
tube life will be shortened. Warm-up 
time is proportional to filament diam- 
eter, and hence to thickness of coating 
on the heater wire. 


Manual 
micrometer 
adjusts 
shutter 
finished 
wire 
diameter 


Mask 


“Standard” 
window area 


(A) 














FIG. 1. Machine for adding insulating coating to heater wires. Photocell gage is 


With intermittent hand-microm- 
eter checks, tolerances varied from 
0.0005 in. at best to 0.002 in. With 
the new continuous control system, 
they are held to within 0.0002 in. 

The coating machine, Figure 1, 
has a panel with two cups for the 
coating material and an inclined bak- 
ing oven; pulleys to guide the wire, an 
electrically braked pay-off for the bare 
wire, and a motor-driven respooling 
device for the coated wire. The coat- 
ing material is picked up from the cup 
by a rotating drum and transferred to 
the wire as it crosses the drum. 

Coating speeds vary from 25 to 55 ft 
per min. Rollers, which apply insula- 
tion to the wire, dip down into the 
insulation receptacles when production 
stops, and thus prevent an excess coat- 
ing at the stopping point. 

The coating is applied to the tung- 
sten heater wire by alternately drag- 
ging the wire through the coating ma- 
terial and baking. Each “‘pass”’ or cycle 
adds about 0.0005 in. to the diameter. 
Bare wire sizes from 0.001 to 0.005 in. 
are coated from 0.008 to 0.015 in. in 
this manner. Incoming filament wire 
must meet weight limits within plus 
or minus 1 percent to assure a uni- 









FIG. 2. A—Photocell amplifier 
is balanced to indicate zero devi 
ation for “standard” area. B— 
Correct wire size will produce 
same total illumination as stand 
ard, indicate zero deviation. 


Shadow 
of wire 


Total window area 
minus wire shadow 
equals standard area 


(B) 






at left, with micrometer for adjusting shutter protruding from top. 


form base for the insulation coating. 

The control system (by Industrial 
Gages-Daystrom, Inc.) uses a photo- 
cell to measure the total light from 
an adjustable window area, on which 
a sharp shadow of the wire is cast (see 
Figure 2). The photocell amplifier 
system is balanced to give a zero devi- 
ation reading (on the large meter in 
Figure 1) for a fixed “standard” win- 
dow area. By opening the window 
further, to the exact desired diameter 
of the finished coated wire with the 
micrometer adjustment, the total il- 
luminated area will again equal the 
standard. Note that the shadow of the 
wire can jump around considerably 
within the window—without affecting 
the diameter reading. A secondary 
photocell.is arranged with the first in 
a differential circuit to cancel the 
effects of variations in the light source. 

If the wire is oversize, the photo 
cell will receive less light than stand- 
ard, and the meter will indicate the 
deviation. When the deviation ex- 
ceeds plus 0.0002 in., the system auto- 
matically adds thinner to the coating 
cups. Due to the evaporation of thin- 
ner, the process tends to be unidirec- 
tional, moving toward heavier coating 
and larger diameters. Overcorrection 
seldom occurs, but if it does, the proc- 
ess corrects itself very rapidly. 

Additional equipment was recently 
installed to mark any off-tolerance wire 
and to meter total and acceptable pro- 
duction. A typical random reading of 
these meters indicates that of a pro- 
duction run of 5,899 ft, 5,880 ft were 
acceptable. Less than 0.4 percent was 
outside the 0.0002 in. limits. 

A total of 18 photocell gages have 
been installed in the CBS-Hytron’s 
plants in Danvers and Newburyport, 
Mass., to control the entire wire pro- 
duction. A strip-chart recorder in each 
plant is arranged to permit monitoring 
any coating machine. 
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KEARFOTT PRECISION RESOLVERS 
FOR EVERY SYSTEM APPLICATION 


Kearfott has available a complete line of pre- 
cision resolvers for every system application. 
Computing resolvers range in functional accu- 
racy from 0.1% to .005%, in bridge accuracy 
from 5 minutes to 20 seconds of are and in 
size from 11 to 25. Non-compensated resolvers 
range from 5 minutes to 20 seconds of arc in 


Computing 
Reso/vers 


For applications where size and 
good functional accuracy are of 
paramount importance. Functional 
accuracy as good as 0.1% and 
bri errors of 3 minutes of arc 
are in production. 


accuracy, from 8 to 25 in size. 

All Kearfott resolvers feature stainless housing, 
shafts and bearings and corrosion-resistant 
lamination materials for maximum environ- 
mental resistance. Optional designs available 
for operation at 200°C and in environment of 
2000 cps vibration at 30 g’s. 


Available with integral compensating windings. Can be provided 


with trimming networks to match existing isolation 


amplifiers or Kearfott-designed transistorized amplifiers. 


A 2:1 improvement in functional 
accuracy obtained in this configu- 
ration. Unit tabulated is the di- 
rect equivalent of standard Navy 
BuOrd Mark 4 Mod 3 and con- 
tains necessary trimming network 


for standard buffer amplifiers. 
Transformation ratio is 1. + 
.0001, phase shift 0° + 1 minute. 
Functional accuracy of .05% and 
bridge error of 3 minutes of arc 
are standard. 


For applications demanding the 
highest order of accuracy. Close 
attention has been paid to design 
porameters. 











A special resolver which permits 
@ unique cascading of these units 
without the necessity for buffer 
amplifiers. Typical application is 
illustrated in following cascade: 
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R=RESOLVER C=INTEGRAL COMPENSATOR 











COMPENSATED RESOLVERS FOR PRECISE 


= 


COMPUTER APPLICATIONS 

















_ 
o 


Excite y 
Excitation Volts (Test) 


10 
40+ 12000 
+ 
500 + j2300 


j1000 


220 3000 + c 
240 + j1100 | 3000 + * 


c 
EE 


980 : 
985 7 
75° 5 0° + 10° 


8 15 . 
*5 mins. 3 mins. 


ae 8 


15 
*7 mins, *5 mins. 


Stator 


*Also available 3 mins. from E.2Z. 


Basically for application in precise data transmission 
systems. These synchro resolvers permit system designer 

to achieve system errors of better than 1 minute of arc 
without using 2-speed servos and elaborate electronics. 

By proper impedance matches up to 64 resolver control 
transformers can also operate from one resolver transmitter. 
































Non-Compensated 
Resolvers 


Where size is important. These units 
have a maximum unit error of 3 
minutes of arc. 


Size 25 


Where highest accuracy is required. 
These units have a maximum error 
as low as 20 seconds of arc. 


NON-COMPENSATED RESOLVERS FOR PRECISE DATA TRANSMISSION 
SIZE 11 SIZE 25 








Control 
Transformer 
Z5151-003 
90 


Control 
Transformer 
R982-012 


Type Resolver 

Part Number 
Excitation Volts (Max.) 
Frequency (cps) 
Primary Impedance 
Secondary Impedance 
Transformation Ratio 
Max. Error from E.Z. 


Primary 


Differential 
25191-001 
90 


Transmitter 
25161-001 
115 


Transmitter | Differential 
R982-004 R982- 002 
26 11.8 
400 
800 /80° 
900 /80° 
1.000 
20 seconds 
Stator 


400 
400/82° 
260/82" 

-7826 
20 seconds 
Rotor 


400 

95 /80.2° 
110/75.7° 

1.000 
3 mins. 
Stator 


























Stator 





Write for complete data. 4 


KEARFOTT COMPANY, INGC., LITTLE FALLS, N. J. 





A subsidiary of General Precision Equipment Corporation 
Sales ond Engineering Offices: 1500 Main Avenue, Clifton, N. J. 
Midwest Office: 23 W. Calendar Avenue, Lo Grange, IIlinois 
South Central Office: 6211 Denton Drive, Dalles, Texos 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, California 


GENERAL 
PRECISION 
COMPANY 
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Master 


stop 


Starting Motors in Delayed Sequence 


T. C. CAMERON 
Sundstrand Machine Tool Co. 


Heavy machine tools or transfer 
lines often require that motors be 
started in groups not exceeding 50 
hp and in some predetermined se- 
quence. Motors and their associated 
controls are usually grouped by ma- 
chine stations, the groups separately 
protected by circuit breakers or fuses 
and three-wire control. Such groups 
are often convenient for automatic 
starting. The motors are usually of 
the spindle-drive and hydraulic-pump 
variety, and after starting they should 
run continuously and independently 
of the machine cycle. This is con- 
venient with automatically timed start- 
ing from a single button, but certain 
precautions must still be observed: 

eA starting circuit may control 
a lot of power, so safe failure is vital. 

eA local-remote switch must be 
provided at each station to prevent 
motors being started unexpectedly 
from the master control and endan- 
gering a man working at a local sta- 
tion. Full-automatic starting should 


be possible only when all stations are 
on remote control. 

eA failure, or loss of power for 
any reason, must affect only the sta- 
tion concerned, regardless of when 
it occurs relative to starting. 

The circuit in Figure 1 meets these 
requirements and has a timed starting 
circuit incorporated in the common 
control group. Pneumatic timers, 
more adaptable circuit-wise, are used 
instead of motor-driven timers. 

The Auto-Start button energizes 
1M, 4CR, 2TR, 4TR, and OTR. 
2TR, 4TR, and 6TR contacts close 
instantaneously and delay in opening 
when the coil is deenergized. 1TR, 
3TR, and 5TR contacts operate after 
a delay when energized, reset instanta- 
neously when deenergized. 

Also, the Auto-Start button plus 
2TR-A energizes 1TR, which holds it- 
self by contact 1TR-C. 1M starts the 
clamping motor and energizes the 
common control. 1TR times the in- 
terval before pulling in 2M. 

When ITR times out, 1TR-A en- 
ergizes 1CR to pull in 2M through 
1CR-A. 2M _ holds itself closed. 
1CR-B energizes 3TR through 4TR-A. 


3TR holds itself closed through 3TR-C 
and starts to time the next interval. 

In addition, when 1TR times out, 
1TR-B opens to drop out 2TR. After 
about a second 2TR-A opens to drop 
out 1TR and ICR. ITR-B then 
closes, energizing 2TR, and 2TR-A 
closes again. 

1TR, 2TR, and 1CR have now com- 
pleted their sequence and returned to 
beginning condition. They have picked 
up 2M and 3TR. 1TR has timed the 
interval, closed 1CR, and then held 
itself energized. 2TR has timed the 
period that 1CR was closed (time 
enough to pull in 2M) and dropped 
out ICR and ITR. 

In the same manner 3TR, 4TR, 
and 2CR time the next interval and 
then transfer control to 5TR, 6TR, 
and 3CR. Figure 2 is a graphical 
representation of the sequence. 

Since failures to energize a coil are 
more probable than failures to de- 
energize it, the circuit is arranged so 
that a failure will result in motors not 
starting, which is safe. The sequence 
of starting may be safely interrupted 
and resumed at either the master or 
local stations. 
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FIG. 1. Circuit for delayed-sequence starting of groups “0 
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FIG. 2. Timing diagrams for circuit of Figure | 
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['R-10 with EAI 1100 E XY Plotter as read-out. Strip chart recorders 


and oscilloscopes may also be used. 
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THE /5///°2SS7/" ALL TRANSISTORIZED ANALOG COMPUTER 


— basic model less than $4000 


PACE TR-10 Eliminates Drudgery 
Gives New Insight Into Engineering Problems 


New transistorized computer puts the advantages of analog computation 

within reach of every engineer. This compact unit, 15” x 16” by 24” high, is powered 
by 115 volts AC and can provide day-in day-out instant solution of your 

most vexing engineering problems. Even if you have never seen a computer before, 
you can learn to operate the TR-10 as easily as you learned to use a slide rule. 


Gain New Insight to Complex Problems 


Once the problem is set up on your computer, you simply turn a dial to feed in 
design parameters. The computer provides an instant by instant, dynamic picture 
of the effect of each change. You can study the inter-related effects of heat, 
pressure, flow, vibration, torque or any variable. And you can visually compare 
one with the other. You see problems in a new light — engineering data comes 
alive — insight into how new designs will work is obtained easier, faster. There’s no 
need for recalculating every time you change a factor — simply turn the dial 

and see what effect it has on the solution. 


Your “‘Personal Computer" for Higher Creativity 


Because of its minimum size and extremely low price, the TR-10 can become 

your own personal analog computer. It helps to free you from routine drudgery. 
Permits you to gain first-hand experience with the power of analog techniques, 

and convert more of your time to creative engineering. 


Test New Ideas or Designs 


New ideas that were too costly to try before are now practical. Any possible 
combination of factors can be tried. You can design virtually to perfection and 

have a permanent, visual record of performance. All this can be done before building 
pilots or prototypes. As a result, “cut and try” expense is drastically reduced. 


The same quality workmanship and design that has made Electronic Associates 
the world’s leading producer of precision general purpose analog computers 

will be found in this new unit. Accuracy to +.1 per cent. Modular construction 
allows you to select varying quantities of the following computing functions: 


¢ Summation ¢ Function generation 
¢ Integration ¢ Parameter adjustment 
* Multiplication or Division ¢ Logical comparison 





For complete engineering data, write for Bulletin TR-10-D. 





EAI systems are serving en- 
gineers throughout the world. 
EAI maintains Computation 
Centers wheré PACE analog 
equipment is available on a 
rental basis. Write for details. 














ELECTRONIC ASSOCIATES, INC, « Long Branch, New Jersey 
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CIRCLE 75 ON READER-SERVICE CARD JUNE 1959 133 














. 


Teletype Model 28 Automatic Send-Receive Set A‘‘com- 
plete station’”’ in one console—with facilities for send- 
ing and receiving on message paper or sprocket-fed 
business forms...tape punching ...sending or re- 
ceiving with tape... integrating tape and manual 
keyboarding . . . producing tape automatically, asa 
by-product of send-receive operations. 


Teletype Model 28 Tape Punch Receives incoming 
electrical signals, punches a 5-level ‘“‘common lang- 
uage”’ tape, and prints data right on the tape, for 
easy identification and handling. Unit is used for 
message relaying ... for integrating data from several 
sources into a single tape... for providing punched 
tape as a by-product of send-receive operations. 


CONTROL ENGINEERING 


Teletype Model 28 Receive-Only Page Printer A mes- 

sage receiving unit (without keyboard). This is 
“terminal’’ equipment, for use where two-way com- 
munication is not necessary. No attendant is needed. 
Produces a printed record on plain paper or multi- 
part business forms, Table models of this unit and 
the send-receive set at the right are also available. 


Teletype Model 28 Tape Reader This is a sending unit. 
Reads punched tape and instantaneously transmits 
data to local or remote receiving equipment. As with 
all Teletype transmitting units, data may go to one 
destination or a number of destinations simultane- 
ously—either nearby or thousands of miles away. 








. po, 
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Teletype Model 28 Send-Receive Page Printer Message 
originating unit, for sending and receiving. Model 28 
page units, including the Automatic Send-Receive 
Set, feature a built-in “‘stunt box’’ control system 
for automatic station selection and electrical control 
of remote equipment. Horizontal tabulation and 
form positioning arrangement available. 


Teletype Model 28 Tape Reader—Twin-Shaft Unit is 
similar to tape reader at left. Besides reading punched 
tape for on-line transmission, twin-shaft reader- 
distributor design offers facilities for tape transmis- 
sion to business machines and direct read-out, from 
business machines, for on-line transmission. 





Applications unlimited... 


TELETYPE 
Model 28 Line 


For communications systems—on-premise or 
nationwide ...data handling... mechanization... 
automation ... telemetering. 


Presented here are the principal units of the 
Teletype Model 28 Line. ‘‘ Model 28” stands for an 
entirely new concept in record communications. It is 
an integrated line, designed on the modular principle, 
permitting a wide choice and ready interchange of 
components and providing accommodations for ex- 
pansion. Typebox printing on page units makes pos- 
sible quick interchange of alpha-numeric characters. 
Speed is 600 characters per minute with printing, 
up to 1,200 characters per minute on tape units 
where printing is not required. 

These new machines are manufactured to 
Teletype’s precision standards for continuous day- 
in and day-out service. Operation is not affected by 
tilt or vibration. All-steel clutches and simple har- 
monic design elements reduce and simplify mainte- 
nance; oiling is needed only once or twice a year. 

Exclusive with the 28 Printer Line is the versatile 
Stunt Box, which is actually a “‘robot brain.” It re- 
sponds to keyboard or line signals, and may be used 
for internal control of extra functions in the Teletype 
printer and for remote control of Teletype or other 
electronic or electro-mechanical equipment. 

The Teletype Model 28 Line opens new areas of 
applications in data communications. In addition to 
the self-contained units shown here, components are 
available to system manufacturers for integration 
with their equipment. The tested dependability, ac- 
curacy and adaptability of Teletype equipment make 
it ideally suited for system applications. 


More information. If you would like more information 
on Model 28 equipment or components, please write 
to: Teletype Corporation, Dept. 22F, 4100 Fullerton 
Ave., Chicago 39, Illinois. 


TELETYPE 


CORPORATION 


sussioiary of Western Electric Company wwe. 
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CONTROL 


TO THE ENGINEER 


There’s more than one way of skinning a cat 
—or making ideas work automatically. And 
AE has a bag-full. 


That’s because AE has had years of experi- 
ence in making relays and stepping switches 
work wonders in automatic telephone 
exchanges—and in automatic control devices. 


If you can use some down-to-earth magic in 
your designs, AE engineers will be glad to 
help. And you may well find that their sug- 
gestions can simplify the control package. 


They can also show you why AE relays and 
stepping switches cost you less in the long 
run. 


For instance, the AE Type 45 Stepping 
Switch, illustrated, has a free-floating 


& 
yr 


who can use a little honest trickery 


pawl that never binds, never breaks, elim- 
inates the necessity of ever readjusting 
armature stroke, does away with double- 
stepping or overthrow. And the switch 
usually outlasts the equipment it’s built 
into! 

You'll also be interested in knowing that AE 
is equipped to deliver completely wired and 
assembled control units designed to your 
specifications. 


Want more information? Just write the 
Director, Industrial Products Engineering, 
Automatic Electric, Northlake, Illinois. Ask 
for Circular 1698-H: Rotary Stepping 
Switches; Circular 1702-E: Relays for 
Industry; and our new 82-page booklet on 
Basic Circuits. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 


ENGINEERING 
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NEW PRODUCTS 


SOLID-STATE ANALOG COMPUTER 
suits individual engineering needs. 


The PACE TR-10, a compact, transistorized, analog 
computer, offers an economical means of handling a wide 
variety of engineering problems whose solutions require 
a limited number of equations. Standing 24 in. high, it 
occupies little more desk area than a standard electric 
typewriter and weighs only 80 Ib without accessories. 

Designed to sell for under $4,000, the basic model 
provides a computing capability of 10 additions or sub- 
tractions, four integrations, and 10 parameter adjust- 
ments. A standard expansion of this basic model (version 
shown in the photo at the right) will be priced closer to 
$9,000 but will offer considerably more capacity: 20 addi- 
tions or subtractions, 10 integrations, 24 parameter adjust- 
ments, two multiplications or divisions, and two non- 
analytical functions. This latter version can solve five 
second-order equations simultaneously. 

Heart of both models is a newly-developed transistorized 
dc amplifier; 10 amplifiers are used in the basic model 
and 20 in the standard expansion. Two, packaged as a 
single shielded unit, occupy just 74 sq in. of front panel 
area. Chopper stabilized these amplifiers have an open- 
loop gain of 40 to 50 million, a figure that compares quite 
favorably to the 100 million associated with the ampli- 
fiers used in the large-scale, general-purpose precision 
machines. Each amplifier is capable of driving a 500-ohm 
load to plus or minus 12 volts, and cannot be damaged, 
even by a dead short. Dual-amplifier packages, for later 
expansion of a basic model, will sell for about $250. 

Highly reliable, and capable of accuracies to within 
0.1 percent, the TR-10 should find a wide range of app 
cations in the field of scientific calculations, particularly 











Sih 









































as an educational tool. In chemical, mechanical, and 
electrical departments of colleges and universities, it could 
be used to demonstrate mass and heat balances, thermo- 
dynamic principles, time response of mechanical systems, 
transient performance of electrical and electronic equip- 
ment, and the theory of automatic control. It might even 
be useful in math departments to provide the students 
with some physical meaning of the solutions to both ordi- 
nary and partial differential equations. Other areas of 
application include the study of servos and subsystems in 
the aircraft and missile industries, curve-matching for 
models and kinetic studies in the petrochemical indus- 
tries, and instrument and machine design in the automo- 
tive, steel, and other heavy industries. 

The accompanying block diagram illustrates a typical 
application. Here the computer has been set up to investi- 
gate the response of an automobile suspension system to 
certain disturbances. Suitable system parameters are 
obtained by selecting the desired response from the vari- 
ous computer solutions. 

In problems where a constant value solution is desired, 
the panel-mounted nullmeter suffices and will provide 
three-place accuracy. For problems involving dynamics, 
a variety of readout equipment, such as plotters and 
recorders, is available at prices ranging from $1,350 to 
$1,900.—Electronics Associates, Inc., Long Branch, N. J. 


Circle No. 200 on reply card 
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A vibrating-reed type 
capacitance modulator 
for use in measuring 
currents as low as 
10~'¢ amperes. 


Long term stability for 
process control. Drift 
+0.2 millivolts per 
day, non-cumulative. 


Write for 
Catalog 523. 


STEVENS 


INCORPORATED 
ARNOLD 


7 ELKINS STREET 
SOUTH BOSTON 27, MASS 


4 < 
S 


VIBRATING 
CAPACITOR 


A-15 











| NEW PRODUCTS 


DATA HANDLING 
& DISPLAY 


330 CHARACTERS PER SEC 


The TRS, a transistorized, self-con- 
tained tape reader, accepts five-, seven-, 
or eight-hole tape widths. Its photo- 
electric reading system operates at 
speeds up to 330 characters per sec. 
Light is focused on the tape from 


| above; beneath the tape is a single 
| silicon crystal with nine photosensi- 
| tive elements. Output of each ele- 
| ment is stored in transistor flip-flops. 
| Flip-flop output is either plus 0.05 


volt or minus 5 volts, depending on 


| the presence or absence of a hole in 
| the tape. 
| brake-control circuits, and power sup- 
| plies. Only inputs required are a 115- 
| volt, 60-cycle source and 2-volt con- 
| trol signals from the unit to which 
| data is being fed.—Ferranti Electric, 


Case houses amplifiers, 


Inc., Hempstead, L. I., N. Y. 
Circle No. 201 on reply card 


SERVO-DRIVEN READOUT 


Photo above shows the front view 
of a new servo altimeter, Model R, 
designed for a nominal altitude range 
of minus 1,000 ft to 100,000 ft. Read- 
out consists of a large servo-lriven 
altitude scale on the left, and a smaller 
manually-set barametric pressure scale 
that can be varied from 28 to 31 in. 
of mercury. Setting of this scale au- 


tomatically corrects for local changes 
in barometer height at sea level. 
Characteristics: 

Sensitivity: 2 ft at sea level to 120 

ft at 100,000 ft 

Static error: 10 ft to 600 ft 

Temperature error: 0.5 to 30 ft per 

deg C 

Max rate of climb: 17,500 fpm at sea 

level 

—Bulova Research & Development 

Laboratories, Inc., Woodside, N. Y. 
Circle No. 202 on reply card 


TAPE POTENTIOMETER 


This compact, digital-indicating poten- 
tiometer, called the TA’POT H5600, 
contains a resistance wire bonded 
within the edge of a laminated Mylar 
tape. Either straight or helical wires 
are used, depending on the resistance 
value required. These range from 100 
ohms to 100 k. Tapes are 120 in. 
long. Digital values, as specified, are 
printed on the face of the tape during 
calibration against a 60-ft master tape. 
Both linear and nonlinear calibrations 
are possible. Tapes may be either 
manually set or servo driven. Reading 
resolution is within 0.01 percent; total 
resistance tolerance, within 0.25 per- 
cent. Power rating is 2 watts at 25 
deg C.—Howell Instrument Co., Fort 
Worth, Tex. 

Circle No. 203 on reply card 


EASY TO SERVICE 


This new transistorized preset con- 
troller with slide-out chassis is one of 
a series recently developed for heavy- 
duty industrial applications, such as 
batch-counting, tool-positioning for 
cutting-to-length, etc. Preset range 
is from 0 to 180,000 counts per min, 
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PHOTORECORDING BREAKTHROUGH! 


NOW...2 NEW KODAK PAPERS 


¢ Cover the entire range of commonly used frequencies and writing speeds. 


e Extend that range to cover higher frequencies and writing speeds difficult 
or impossible to record up to now. 


¢ Give you sharp, black traces throughout, even on wide amplitudes, 
sudden beam excursions or sharp rise times. 


Now two new Kodak papers for all your photorecording 
needs. For writing speeds up to 50,000 ips. 

Traces are easy to read by visual inspection or on data 
reduction equipment . . . easy to calibrate, and easy to 
duplicate on diazo-type equipment. 


NEW ... EXTRA-THIN, EXTRA-TOUGH BASE 

Both new papers have a specially-treated super-strength 
base that really stands up under processing, handling, 
rolling, folding and storage. Extra thin (.0030”) for 
more footage per given roll diameter. Rolls up to 475 ft. 
are splice-free. Surface readily accepts notations in pen 
or pencil. 


UNIVERSAL PROCESSING 


You can process both papers in continuous, rewind, or 
stabilization type equipment. After stabilization, records 
can be handled immediately, without fear of brittleness, 
cracking or tearing. 

Linagraph 44 and 77 Papers are available in all stand- 
ard sizes. We'll welcome the chance to discuss your own 
particular application. Write for the complete technical 
details. 


EASTMAN KODAK COMPANY 


Photo Recording Methods Division 
Rochester 4, N. Y. 
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New General Purpose Amplifier 
3 INSTRUMENTS IN 1 


Model 2HLA-9 measures 19” wide x 7” high x 14” deep 


The new Honeywell Differential Input Indicating Amplifier, Model 
2HLA-9, is a general purpose, low level d-c instrument. It may be used 
as an ultra-sensistive null indicator, an indicating amplifier or a pre- 
amplifier for self-balancing recording potentiometers. Reliability, simplic- 
ity, ruggedness, plus sensitivity permit use of the Model 2HLA-9 in 
virtually every location where a source of 115 volts, 50 or 60 cps is 
available. The unit may be conveniently mounted on rack or bench. 

The. Model 2HLA-9 is a magnetic-electronic instrument that pos- 
sesses the most desirable characteristics of both mechanical and electronic 
galvanometers, including high resistance to strays, overload protection and 
rapid response. Write for Technical Bulletin B-C2HLA-9 to Minneapolis- 
Honeywell, Boston Division, Dept. 34, 40 Life Street, Boston, Mass. 





8 POSITION 
RANGE SWITCH 

































































FEATURES 


INPUTS: +10, 30, 100, 300, 1000, 3000, COMMON-MODE REJECTION: 
10,000, 30,000 y volts. 10x104/1 or better at d-c, better 

ISOLATED DIFFERENTIAL INPUT: For operation ee ane ee 
at high a-c and d-c voltage above ground OUTPUT: =10 volts, = 50 mv and 
without error. = 10 mv taps. 


(AAGOETIC CONVERTER WHPUT: Fer cccveate -« PUTTS HAPEDANCE: 1000 ohne. 
d-c to a-c conversion with minimum zero INPUT IMPEDANCE: Approx. 1000 
drift and high immunity to a-c ripple. ohms. 


NOISE: th 1% = 
ADJUSTABLE ZERO SUPPRESSION: +100% care ee ae 60'S ees O08 


O'S SREY SESS yer - semnges. FREQUENCY RESPONSE: 3 db down 
DRIFT: £0.50 yu volt short term. at 5 cps maximum. 








Honeywell 
| Fiat tc Control 
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NEW PRODUCTS _ 


with instantaneous reset. Readout 
consists of either glow counter tubes 
or Nixie in-line indicators —Dynapar 
Corp., Skokie, Ill. 


Circle No. 204 on reply card 


DIGITIZES ANALOG RECORDS 


The GOAT (for Gerber Oscillogram 
Amplitude Tabulator) is a new data- 
reduction device consisting of two 
parts: a stationary unit, containing a 
printing counter and the necessary 
servos, and a hand-held rectangular 
frame with a screw-driven horizontal 
hairline that can be moved up or 
down at two different speeds by a sin- 
gle control knob. The instrument reads 
oscillogram and strip-chart amplitudes 
up to 64 in. and prints a digital rec- 
ord of these on an adding-machine 
tape. The first two numbers on this 
record represent either reading count 
or time, depending on whether read- 
ings are made at random or equal 
intervals. Units on the counter can 
represent 0.001 in., 0.01 in., or 0.1 
mm.—Gerber Scientific Instrument 
Co., Hartford, Conn. 


Circle No. 205 on reply card 


PLUS. ... 


(206) Massa Div. of Cohu Electron- 
ics, Inc., Hingham, Mass., has intro- 
duced a new portable, two-channel 
rectilinear recording system capable 
of following phenomena at frequen- 
cies up to 200 cps. . . . (207) A tran- 
sistorized tape unit Model 729 II, 
featuring a mew read-write speed of 
41,667 characters per sec, was re- 
cently announced by International 
Business Machine Corp., White 
Plains, N. Y. . . . (208) Wiancko En- 
gineering Co., Pasadena, Calif., of- 
fers a new data acquisition system 
that multiplexes various IRIG bands 
on a single tape head and permits re- 
cording of over 100 channels on a 
single-tape machine. 


Circle Nos. 206, 207, or 208 
on reply card 





COMMAND DESTRUCT 


The flight testing of second generation missiles—more versatile 
and powerful than their predecessors—requires a device for sure 
termination of any missile flight that might endanger the test 
range or surrounding area. 


Ramo-Wooldridge engineers, under a United States Army Signal 
Corps contract, have successfully developed and delivered the 
first sub-miniature, completely transistorized radio “command 
destruct” receivers. 


Specifically designed for missile flight safety operations, the 
receiver (AN/DRW-11) can actuate safety mechanisms or destruct 
devices. It has three command channels, each of which actuates 
a control relay. 


The “command destruct” receiver accepts frequency modulated 
signals in the UHF radio command control band. It is designed 
to operate with closer radio frequency and command frequency 
channel spacing than has been used to date, thus making possible 
more efficient use of the available radio spectrum. 


Compact and rugged, the radio receiver’s modular construction 
permits rapid and complete accessibility to all components. One 
module houses the basic receiver. The second module contains 
the three command channels and relays. This integrated package 
occupies 115 cubic inches, and weighs 4 pounds. The receiver 
requires no pressurization and operates reliably under the adverse 
environmental conditions encountered in missile flight testing. 


oy mane and scientists interested in being associated with some 
of the nation’s most advanced research and development programs 
are invited to acquaint themselves with current opportunities at 
Ramo-Wooldridge. The areas of activity listed below are those 
in which R-W is now engaged and in which openings exist. 


Missiie electronics systems 

Advanced radio and wireline communications 
information processing systems 

Electronic language transiation 

Anti-submarine warfare 

Air navigation and traffic contro! 

Analog and digital computers 

infrared systems 

Electronic reconnaissance and countermeasures 
Basic and applied physical research 


For a copy of our brochure, An Introduction to Ramo-Wooldridge, 
or other additional information write to Mr. Donald L. Pyke. 


RAMO-WOOLDRIDGE 


P. O. BOX 90534, AIRPORT STATION * LOS ANGELES 45, CALIFORNIA 


a division of 


Thompson Ramo Wooldridge Inc. 
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Hi- 
Problems 


INTRODUCING THE SPECTROL 
METAL MULTI-TURWN PRECISION PoT 


Another example of creative engineering from Spectrol, the new Model 590 
10-turn pot features machined aluminum construction with the helical coil 
placed directly against the case for maximum heat dissipation. You can 
expect a longer operating life at higher ambient from the Model 590. 


Non-hygroscopic aluminum case furnishes excellent dimensional stability 


The new pot operates in a relative humidity of 95% over a temperature 
range of —65 to +150°C. It functions above 20g vibration from 55 to 
2000 cps, withstands a 30g shock, and meets all specifications to an altitude 
of 30,000 feet. 
Now in production, the new 590 is available in ranges from 25 to 120,000 
ohms. Standard linearity tolerance is 0.3% with 0.025% on special order. 
Featuring fused-glass sealed terminals flashed with precious metal, the unit 
can be supplied with as many as 48 terminals. Both ends of the shaft are sup- 
ported by ball bearings. The 1” diameter unit is also available with non- 
linear functions. 
Your nearby Spectrol sales engineering representative 
will be glad to provide complete technical informa- 
tion or you may write directly to Dept. 086. 


ELECTRONICS 
CORPORATION 


“precision electronic components”’ 
1704 South Del Mar Avenue, San Gabriel, Calif. 
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NEW PRODUCTS 


RESEARCH, TEST, 
& DEVELOPMENT 


m 


FAST AND ACCURATE 


Designed for measuring magnetic field 
strength and homogeneity of stable or 
slowly changing magnetic fields, this 
Model G-501 precision gaussmeter 
covers the range of 300 to 20,000 
gausses using standard probes. Spe- 
cial probes are available for extending 
this range. With an external fre- 
quency standard, the meter will pro- 
vide accuracies to within 10 ppm or a 
tenth part of the resonance line width, 
whichever is the limiting factor. Unit 
draws 50 watts from a 115-volt, 60- 
cycle line-—Harvey-Welles Electron- 
ics, Inc., West Roxbury, Mass. 


Circle No. 209 on reply card 


MODE-SENSING 


The Model DLI-2 (digital load indi- 
cator) eliminates the need for manual 
polarity switching and zero adjust- 
ment in load cell and torque measur- 
ing systems. It automatically senses 
tension or compression in a strain gage 
load cell, and indicates the proper 
mode on either of two indicator lamps 
on the front panel. Application 
would include any torque-measuring 
system in which shaft reversal is a 
common occurrence. — Performance 
Measurements Co., Detroit, Mich. 


Circle No. 210 on reply card 





ks 


Subminiature door 
interlock for hazardous 
equipment 


17AC1-T subminiature door 
interlock switch is the small- 
est, most compact switch 
available for an automatic 
door interlock for hazardous 
equipment cabinets. Actua- 
tor may be pulled to main- 
tained-contact position. It 
automatically resets when 
the cabinet door is closed. 
Dependable in temperatures 
from —65° to +250°F. Data 
Sheet 159. 





J) 


ace 
Here is the smallest 
precise snap-action 
switch available 


Miniaturized submini- 
ature, the ‘‘1SX1’’, 
weighs but 1 gram, yet 
is capable of millions of 
precise operations. Op- 
erates dependably from 
—65° to +250°F. Rat- 
ing is 5a 115/230 vac 
resistive, 15a max. 
inrush. 28 vdc: 7a 
resistive, 4a inductive; 
4a motor load, 24a 
max: inrush. Data 
Sheet 148. 





New “Plug-in Limit” 
switch with side roller 
actuator 


203LS1 ‘‘Plug-in Limit’’ 
switch increases the useful- 
ness of the pace-setting 
“Plug-in Limit” line. These 
switches, which can be re- 
placed in 20 seconds, are now 
available in 8 different actu- 
ator types. All are rugged, 
reliable, compact and com- 
pletely sealed. Their use vir- 
tually eliminates downtime. 
Catalog 84. 


1 ’ en 





. 
iis Te, 
& 1.920 


Sheet 162. 


8-circuit selector switch 
mounts in less than 1.75" dia. 


**28AS” Series selector switches have 2 
to 4 positions, can control up to 8 cir- 
cuits. Enclosed SPDT contacts, posi- 
tive non-tease detents, 
mechanism. For electronic, computer 
and aircraft instrument panels. Data 


sealed actuating 





A toggle switch 
that mounts in 

Y% sq. in. 

2TMI1-T weighs 4% 


grams. Ideal for use 
with printed and 


dependably from - 





DPDT. Data Sheet 158. 





500! 500- 


transistorized circuits and in compact 
communication equipment. Operates 


65° to +200°F. 


sect 


5 NEW compact precision switches meet 
wide variety of industrial design needs 
Only MICRO SWITCH offers industrial designers an al- 


most unlimited line of precise, snap-acting switches 
to meet the most exacting design requirements. 


When you bring your switch design problems to 
MICRO SWITCH you have the cooperation,of switch 
specialists of the world’s largest exclusive manufac- 


turer of precision switches. Consultation costs you 
nothing . . . may enable you to put your product on 
the market at important savings of time and money. 


These 5 new switches are typical of the wide variety 


MICRO SWITCH offers. 


Engineering assistance on all switch design and ap- 
plication problems is available from MICRO SWITCH 
branch offices. Consult the Yellow Pages. 


MICRO SWITCH... FREEPORT, ILLINOIS 


A division of Honeywell 
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Model 3101 


chopper-stabilized 
dual amplifier 




































































New Donner computer and control elements 
are designed to simplify the job of the analog 
systems engineer. 


If you are interested in expanding the capac- 
ity of your analog computer, no matter what 
make or size, constructing a special purpose 
computer, or erecting an analog control loop, Donner analog systems 
components will perform a precision job at an economical price. 


Typically, key specifications for 

the chopper stabilized amplifier 

shown above are de gain in ex- 

cess of 50 million; maximum off- 

set of a unity inverter, less than 

100 pv/day; drift of unity inte- 

grator, lessthan100 nv/sec; phase 

shift of unity inverter, less than © © a 
0.5 degrees at 1 kc. Price of this | gece OSS 
dual amplifier is only $230 or eee — : 
$115 per channel. Even lower in rack-mount configuration 
prices on quantity sales. 


DON nf SCIENTIFIC 
Your nearby Donner engineering representa- 
tive will be happy to supply you with complete COMPANY 


applications date or you may write us here CONCORD, CALIFORNIA " 
in Concord if you choose. Please address Electronic engineers, exciting opportunity exists at Donner. 
Dept. 086. Write today for full details. 
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IMMEDIATE READOUT 


This Model 670 X-Y recorder uses 
two optical galvanometers and the 
light beam from a 100-watt mercury 
arc lamp to provide recording speeds 
of greater than 2,500 in. per sec. Re- 
cordings are made on § in. by 8 in. 
ultraviolet-sensitive paper charts that 
can be daylight-loaded. A phospho- 
rescent screen provides for trace pre- 
viewing before the chart paper is 
loaded. Recorder, with two dc coup- 
ling preamplifiers, sells for $2,925. 


Characteristics: 


Nominal sensitivity: 31.25 mv per in. 

Output drift: 0.04 in. per hour. 

Frequency response: flat from dc to 
100 cps at 8 in. peak-to-peak de 
flection 

Linearity: 1 percent of full scale 

Power: 450 watts at 115 volts, 60 cps 

—Sanborn Co., Waltham, Mass. 


Circle No. 211 on reply card 





TESTS AIRCRAFT SYNCHROS 

Pictured is a compact test kit de- 
signed for rapid field testing of air- 
craft synchro systems. Designated 
Model TE-2A Synchro Test Standard, 
it consists of four instruments in a 
rain-tight housing: an ac voltmeter 
for checking power-line voltage in the 
aircraft; a master indicator for check- 
ing synchro-transmitters; a master 
transmitter for checking synchro-indi- 





Only the AE Hydramite gives 
you these 4 key benefits 


1. Tapered roller bearings. Two high capacity, heavy duty tapered 
roller bearings support the eccentric cam shaft. This means that a 
Hydramite can take more punishment ... handle heavier unbalanced 
loads ...and last longer. The pump casing is ported so that the 
pumping action of tapered bearings will provide better lubrication. 


3. Positive pumping action. The Hydramite has no cam follower 
springs to fail. Plungers (A) are connected to curved slippers (B) 
which are held against the outer race of cam shaft needle bearing by 
two plunger return rings (C). As the shaft revolves, each plunger is 
pushed outward in successionand then pulled back by the return rings. 


2. Curved slippers riding on the outer race of the cam shaft needle 
bearing minimizes scrubbing action between these parts. They also 
distribute thrust loads of the plungers and reduce unit stresses to 
the point where maintenance will never be required at what is a 
critical wear point in most hydraulic pumps. 


4. High efficiency. With a Hydramite you get an overall efficiency of 
85%. Shown above is typical 10 gpm pump curve. Its flat overall high 
efficiency has little variation between 1,500 and 5,000 psi. What's 
more, with a Hydramite you get positive suction. There is no need 
for supercharging equipment which reduces system efficiency. 


To meet your specific requirements, Hydramite pumps can be 


supplied for constant displacement from 3 to 30 gpm at 5,000 psi 
and 70 to 85 gpm at 3,000 psi for hydraulic fluids with viscosities 
of 150 to 300 ssu at 100° F. In special applications they have 
handled viscosities as low as 40 and as high as 900 ssu at 100° F. 


Special materials and seals permit handling of missile fuels and 
special fluids at higher temperatures. Available in flange, foot or 
face mounted styles. Write or call American Engineering Company, 
Dept. P-153, Philadelphia 37, Pa. Phone: CUmberland 9-3800. 


AMERICAN ENGINEERING COMPANY 


Hele-Shaw Pumps, Lo-Hed Hoists, AE Marine Deck Auxiliaries, 
Vibra Grate, Perfect Spread and Taylor Stokers. 
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the mighty 


little glaswitch 


LIGHTNING RESPONSE . . . SEALED IN GLASS 


The magnetically actuated reeds in this tiny Revere 
GLASWITCH make contact in just 1 millisecond . . 
rates up to 400 cycles per second. Hermetically sealed in 
an inert, dry atmosphere, with lightning fast snap action, 
both shelf and contact life are extremely long. Smaller 
than a cigarette, the GLASWITCH can be located any- 
where ... in any position . . . even in explosive atmos- 
pheres .. . individually or in multiples for multi-contact use. 

Whenever you need faster, more positive response . . . 
where extreme sensitivity is a must... where light weight 
is important . . . investigate the Revere GLASWITCH. Write 
today for complete specifications. 


CHARACTERISTICS: 


Type—Single pole single throw—normally open—snap action 
tically sealed glass tube containing inert 





dry atmosphere 
Operating Time—1 millisecond 
Operating Rate—Up to 400 cycles per second 
Contact Surfaces—Electroplated Rhodium 
Contact Resistance (measured terminal-to-terminal) 

Closed Circuit—0.050 ohms maximum 

Open Circuit—500,000 megohms minimum 
Contact Ratings 

DC—Up to 1 ampere 

AC—Up to 25 watts depending on application 
Reliability and Life 

No Load — Billions of operations 

Rated Loads — No failures to open or close in 

first 100,000 cycles 

Ambient Temperature Range: —320°F to +300°F 


*Trade mark 


REVERE CORPORATION OF 
Wallingford, Connecticut 


A SUBSIDIARY OF NEPTUNE METER COMPANY | 
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METHODS OF 


ACTUATION: 


A moving permanent 
magnet or controlled ex- 
ternal electromagnetic 
field are all you need 
. and the sky’s the 
limit on imagination! 


AMERICA 








NEW PRODUCTS | 


cators; and a transformer for checking 
electrical zero of synchro-indicators. 
Whole unit weighs less than 10 Ib.— 
U.S. Gauge Div. of American Ma- 
chine & Metals, Inc., Sellersville, Pa. 


Circle No. 212 on reply card 


PLUS. 


(213) Greibach _Instruments Corp., 
New Rochelle, N. Y., offers a series of 
current and voltage panel meters that 
combine high sensitivity with an ex- 
treme overload capability . . . (214) A 
wide-range dc voltmeter, with nine 
decade ranges from 10 pv to 1,000 
volts, has been placed on the market 
by Convair Instruments, a project of 
Convair Div. of General Dynamics 
Corp., San Diego, Calif. . . . (215) 
Jarrell-Ash Co., Newtonville, Mass., is 
now marketing the British-made Pye 
Argon Chromatograph for detecting 
as little as 2x 10™ moles of most or- 
ganic substances. 


Circle Nos. 213, 214, or 215 
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PRIMARY ELEMENTS 
& TRANSDUCERS 


30-SEC WARMUP TIME 


A new series of fluid-filled rate gyros 
has been designed for missile and air- 
craft systems requiring precise rate 
measurement despite extreme shock 
and vibration conditions. The fluid 
filling not only dampens shock and 
vibration but also serves to minimize 
bearing and wiper friction. Suitable 
for operation at temperatures from 
minus 65 to plus 185 deg F, these 
gyros -are  single-degree-of-freedom, 
spring-restrained types with precision 
gimbal bearings. Units can be pro- 





more “Building Blocks” for digital data systems 


DYMEC MULTI-PURPOSE AND 


SPECIAL-PURPOSE OUNTERS 


Readily adaptable to remote operation, automatic programming. 
Many accessories and couplers are available, as well as multiple 
input and output arrangements. Dymec specializes in designing 
and manufacturing advanced counters and counter systems. 








DY-2500 COMPUTING DIGITAL INDICATOR 


RPM, flow, pressure peed, frequency 


DY-2507 DUAL PRESET COUNTER 


Precise control and monitoring of machine processes, 
automatic limit control and warning, sorting, 
packaging, automatic coil winding, equipment 
programming, go/no-go testing — these are typical 
production and research assignments which the 
DY-2507 performs dependably and accurately. 

The DY-2507 provides an output when either of two 
preset values is reached, or exceeded. Output is 
continuous or pulsed; reset is manual or automatic. 
Presetting is on front panel, or remote. Available with 
3 to 6 decades. Price: $700 to $895 (rack mount only). 


DY-2503A/B FM/FM 

TELEMETERING COUNTERS 

Simplify telemetering operations! An original Dymec 
contribution. Nor liz | tior FM M 





Data subject to change without notice. Prices f.o.b. factory. 


Write for engineering data sheets on the above. 


DYMEC, INC. 


Dept. C6, 395 Page Mill Road - Palo Alto, Calif., U.S.A. 
DAvenport 6-1755 


Field representatives in all principal areas 
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FOR DEPENDABLE CONTROL AT LOW COST 


USE A.P.I. METER-RELAYS 





Simple, sensitive and accurate . . . the A.P.I. meter-relay is 
also a rugged-performance instrument that will monitor and con- 
trol any electrically measurable variable. It will do so with 
great reliability. 

Consider this: the A.P.I. meter-relay is capable of operating 
for more than 10,000,000 make-break cycles, with perfect con- 
tact every time. Because reliability is “locked-in.” 

How so? A unique locking coil does the trick. It supplements 
the torque developed by the sensitive D’Arsonval meter move- 
ment, drives the indicator and set-point contacts together, creating 
a firm, sure electrical circuit. And because this action auto- 
matically spring loads the contact on the set-point arm, break- 
contact is clean and decisive, with no teasing or sticking. 

Another significant fact about the A.P.I. meter-relay: you can 
use it with very tiny current or voltage inputs. Full scale sensi- 
tivity can be as small as 5 microamperes or 5 millivolts. No 
signal amplification necessary. Use it with thermocouples, photo- 
electric cells . . . any sensing element you wish — all you need 
is some electricity. 

Why not explore the design possibilities inherent in the low- 
cost meter-relay? Catalog 4E gives full data. 
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vided with maximum rates ranging 
from 45 to 1,000 deg per sec.—Kear- 
fott Co., Inc., Clifton, N. J. 


Circle No. 216 on reply card 


TINY TAPE HEAD 


This four-channel tape head was de- 
signed primarily for airborne miniature 
tape recorders, but its sensitivity and 
stability make it suitable for a number 
of test applications. Features include 
precision-machined all-metal construc- 
tion, magnetic and electrostatic shield- 
ing of individual tracks, and optically- 
lapped gap alignment. Overall dimen- 
sions in inches are 0.608 by 0.600 by 
0.980.—Electronics Div. of J. B. Rea 
Co., Inc., Santa Monica, Calif. 


Circle No. 217 on reply card 


MATCHED THERMISTORS 


Matched or interchangeable thermis- 
tors of varied sizes and resistance 
values are now available for self-heated 
applications such as gas chromatog- 
raphy analysis, temperature measuring 
bridges, temperature control circuits, 
etc. Units are matched to within ] 
percent.—Victory Engineering Corp., 
Union, N. J. 
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_CONTINUOUSLY ADJUSTABLE 


Called an Expanded Scale Megacycler, 
this precision transducer converts fre- 
quency and pulse rate to a directly 








There's a Robertshaw Representative Almost Everywhere 


rvice for the Complete Line 
shaw Industrial Process 
trol Instruments 


convenient service to customers of Robertshaw’s 
quality line o capacitance instruments. 
ify you are engaged | : 
or manufacturing ...if% 
liquids, granular sé¢ 
... you can rely on Ro 
instrumentation. Conta 
q in your area. Send for comp 
“a .. Robertshaw Caps 


SA 


LEVEL-TEL. A continuous level system which detects, measures and visually indicates 
changes in media level. LEVEL-TEK. An on-off device which operates local or remote 
warning devices or motor driven valves and pumps when a predetermined level is attained. 
LEVEL-SET. An instrument which converts changes in level to proportional changes in 
air pressure for maintaining a constant head in vessels where pneumatic feed control 
systems are employed. LEVEL-LOG. A versatile and extremely accurate RF null balance 
capacitance system for level measurement, recording and control. Robertshaw - Fulton 
Controls Company, Aeronautical & Instrument Division, Santa Ana Free- 
way at Euclid Avenue, Anaheim, California. 
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OFFICES IN THESE PRINCIPAL CITIES — WRITE FOR ADDRESS: Albuquerque N.M Atlanta, Ga — Baton Rouge, La. ~ Billings, Mont. — Birmingham, Als. ~ Brookline, Mass. ~ Charleston, W. Ve 
Cincinnati Ohio— Cleveland, Ohio— Dallas Teaas— Denver, Colo.—Oes Moines, lowa— Detroit, Mich —Edmonton Alberta, CANADA—E!i Paso, Texas—Houston, Texas — Huntington, N.Y indianapolis, ind.— Kansas City, Mo. 
— Kingsport, Tenn. ~ Louisville, Ky.—Lubbock. Texas jarion N.C —Memphis Tenn — Me nd. Wash Mexico City, O.F.— Milwaukee, Wis.— Minneapolis, Minn.—Montres!, Quebec, CANADA=-New Haven, Conn. < 
New Orleans ta.—North Vancouver 8.C., CANADA essa, Texas — Omaha, Neb. — Orinda alt. — Pasadena, Calif. — Phoenix, Ariz.— Pittsburgh, Pa. —Pompano Geach, Fis.—Portiend, Me. —Portiend, Ore. « Richland, Wash 
Rochester, N.Y — Sait Lake City, Utah —San Antonio, Texas —St Louis, Mo. — Shreveport, La. — Springfield, Pa Toronto, Ontario, CANADA — Tulsa, Okla. 


Charlotte, N.C. Chicago, iil. < 
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sae ortional-.de -voltage or current. 
uilt-in or remote attenuators permit 
continuous adjustment of the zero set- 
ting and the range scale. Scale expan- 
sion ratios range as high as 10:1. 
Standard filtered outputs include 0 to 
1 vde, 0 to 5 vdc, and 0 to 50 ya. 
Also available is a 0-to-l-ma unfiltered 
output. Six standard models cover the 
audio frequency range to 5,000 cps. 
Linearity and accuracy of these units 
is within 4 percent of the full-scale 
frequency.—Pioneer Magnetics, Inc., 
Los Angeles, Calif. 
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Automatically Operated 
Remotely Controlled 


PNEUMATIC PRESSURE REGULATOR 


SAFE! Unprecedented in response and sensitivity. 
Not only does Marotta’s new RV-23E Regulator 
Series load and vent pressure with push-button 
efficiency over a wider pressure range than any 
existing regulator or series of regulators, but is 
the only regulator meeting automation demands 
..the RV-23E can be programed to operate 
systems at a different pre-determined pressure 
level sequence. 


SPECIFICATIONS: 
Model: 





Regulator—%” dome loaded pneumatic pressure 
reducer 


Remote Control type 24 V.D.C. Solenoid operated GYRO WITH SPRING DRIVE 


A spiral “clock” spring, capable of 


) Pressure Characteristics: 


Inlet, outlet, and gage ports per MS 33656-4 


Inlet pressure range— 30 p.s.i.g. to 6000 p.s.i.g. 
Proof pressure — 9000 p.s.i.g. 
Burst pressure — 15,000 p.s.i.g. 


Outlet pressure range—30 p.s.i.g. to 5000 p.s.i.g. 
Proof pressure — 7500 p.s.i.g. 
Burst pressure — 12,000 p.s.i.g. 


Rated Capacity 0.1 (SCFM/PSIA) min. 
(as defined in MIL-R 8572A) 


being stored in a wound condition for 
indefinite periods without loss of 
accuracy, spins the rotor in this new 
roll-reference gyro. Designed for mis- 
sile and drone applications, the gyro 
requires no advanced energizing; the 
frame-mounted spring brings its rotor 
to operational velocity in less than 10 


msec. The spring then disengages and 
allows the gyro to function as an in- 
ertial reference. Weighing only 3.5 Ib, 
the gyro provides a 30-sec control 
period. Other units have been de- 
signed for 2- to 10-min control pe- 


riods—Telecomputing Corp., Van 
Nuys, Calif. 


PRV-LIA MV-74-H RV-4C MV-36S 
Special 6", 4s"" three-way 4" N.C. %"' 60 psi 36" N.C. 3500 
160 psi 6000 psiGeneral 1000 psi Integral psi Inter- : 
LOX Pressure Purpose Solenoid Fuel Solenoid Relief Pressure nally Piloted Circle No. 220 on reply card 
relief ' Regulator Solenoid 


’ 
Write or call for complete information. 


Experienced engineers available for consultation. FOR DYNAMIC PRESSURES 


The Model 217 Teledyne Electric 
Pressure Transducer uses four SR-4 
strain gages bonded,to the circumfer- 
ence of a proving-ting-type spring 
element. It offers high-frequency re- 
sponse to dynamic pressures such as 


VALVE CORPORATION 


pioneer producers of high pressure valves 
P. O. BOX 330-J BOONTON, N. J. 
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ELAPSED TIME 
INDICATOR 


ED-71 
Compact, low-cost instrument 
for machine , 
communications equipment and 
other commercial applications 
where an accurate record of 


operating time is desired. 
ime Registered: 9,999.9 hours. 


Weight: 5 oz. Voltages: 120 or 
240 v, 60 cps. Power Required: 


2.5 watts at 120 v, 60 cps. 





It takes a TEAM 
to solve timing problems 


The control of time is an extremely complex science 
that demands a thorough knowledge of many individ- 
aydon maintains 


ual technologies. For this reason, 
a team of engineering specialists to provide the reser- 
voir of skill, knowledge, experience, and creative abil- 
ity necessary to solve industry’s timing problems. 
When you submit a timing problem to Haydon, it’s 
handled by a team of specialists — not an individual 
engineer. And you can be sure the Haydon Timing 
Team is equipped with all the electric, electronic, me- 
chanical and manufacturing know-how needed to 
analyze your requirements and develop the best possi- 
ble new or modified timing unit for your specific 


application. 
Correctly designed and efficiently manufactured, 
Haydon timing devices are exhaustively tested before 


release to a customer. The results are uniformly high 
quality devices that are known for fine performance, 
and long life. May we put our Timing Team to work 


for you? 

A few units from the complete Haydon line are shown 
at the right. Send now for further information, out- 
lining your requirements. 


DIVISION OF 
GENERAL TIME CORPORATION 





A-C 
TIMING MOTORS 


A complete line of synchronous, 
compact timing motors, speeds 


from 1/60 to 60 rpm. 
Guaranteed torques from 6 
ounce-inches to 30 ounce-inches 
at 1 rpm. Voltage ranges 
103-132 and 206-264 vac, 


50 or 60 cps. : 


INTERVAL TIMER 


Directly controls heavy duty 
electrical loads. Type AD can 
be supplied with up to 3 SPST 
switches. ded ad AT has 1 SPST 
switch only. Intervals available 
with dial and knob: 15, 60 and 
180 minutes. Intervals to meet 
ur specific requirements can 


0 
be supplied. Voltages: 120 or 
and 60 cps. Switch 


240 v, 
Rating: 28 amps, 250 vac 





Haydon [ 
AT TORRING row | 
Headquarters for Timing 
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2330 EAST ELM STREET 
TORRINGTON, CONNECTICUT 


non-inductive; 1 hp, 240 vac. 
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check your 
process instruments 


on stream with 


NEW 


WéT 


TRANSMITTER 


sensitive to pressure 
changes as small as 
0.01% of full scale 


Accuracy: 0.1% of 


full range 
A-755 with 


cover removed 
26 pounds Standard range: — 1 to 24 
BY" x 13%” x 192” p.s.i. other ranges available 


For complete information, write to Dept. A-124.28 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET, BELLEVILLE 9,NEW JERSEY 
IN CANADA! WALLACE & TIERNAN LTD.,WARDEN AVE., TORONTO 13, ONT. 


CIRCLE 91 ON READER-SERVICE CARD 





is your feeding problem 
peculiar to your operation? 


Wallace and Tiernan’s volumetric feeders are 
so flexible that each job is practically custom built. 


W&T’s experience is broad enough to meet any challenge. | 


Try us-for information write Dept. MV-1.28 
WALLACE & TIERNAN INCORPORATED 








2S MAIN STREET. BELLEVILLE 9,NEW JERSEY 
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those encountered in testing rocket, 
jet, and piston engines, hydraulic sys- 
tems, and high-speed chemical re- 
actions. 
Characteristics: 

Pressure ranges: 0-100 and 0-200 psi 
Pressure overload: 200 percent 
Usable frequency response: to 1,050 


cps 

Repeatability: within 0.1 percent 
—Taber Instrument Corp., North 
Tonawanda, N. Y. 


Circle No, 221 on reply card 


PLUS. ... 


(222) Hagan Chemicals & Controls, 
Inc., Pittsburgh, Pa., has added a 
lower, more sensitive full-scale range 
to its present line of PowrAmp Model 
A-2 pressure transducers. . . . (223) A 
new precision tachometer for direct 
readings of 0 to 12,000 rpm was re- 
cently introduced by the Government 
Products Group of American Machine 
& Foundry Co., Alexandria, Va. . . 
(224) Radiation Counter Laborato- 
ries, Inc., Skokie, IIl., offers a pencil- 
size BF-3 counter with an approximate 
operating region of 900 volts. 


Circle Nos. 222, 223, or 224 on 
reply card 


CONTROLLERS, 
SWITCHES, & RELAYS 


NO MOVING PARTS 


This new solid-state electronic relay 
provides a snap-action characteristic, 
yet contains no moving parts. Its 28- 
vdc electronic coil circuit is completely 
isolated from the switching circuit. A 
typical unit pulls in at 18 vde in ap- 
proximately 5 usec and drops out at 
11 vde in approximately 30 psec. Six 
production types are rated to switch 
ac or de from 10 ma to 10 amp in 
the spst variety, and from 10 ma to 





Designed 
for use 
where space 
and weight 
are 
restricting 
factors 


SMALL! 


DELCO POWER TRANSISTOR 


MAXIMUM RATINGS P oNtt72 





Collector Diode Voltage 





Emitter Diode Voltage 





Collector Current : 1.5 


Amperes 





Junction Temperature 95°C 





a] 
— 





Typ. Collector Diode Current I, 


Vi2_=40 volts 30, 





Current Gain 


(Vec= —2 volts, 1.=100 Ma) - 70 





ec — 2 volts, 1.='2A) 





Saturation Resistance 0.3 


ohms 





Cutoff Frequency (Common Emitter) - 





12° 


Thermal Resistance 
C/Watt 
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The 2N1172 is a medium power 
transistor offering dependable operation 
in a new range of applications where 
space and weight have been a problem. 


It’s a mighty mite with more punch 

in a smaller package. The 2N1172, 
excellent for output use or as a driver 
for a very high power transistor, has 
already proved especially effective in 
DC amplifiers, voltage regulators, and as 
a driver for a high power stage in servo 
or other amplifiers. 


This PNP germanium transistor is 
housed in a modified version of the 
JEDEC 30 package with a diamond 
shaped base for improved thermal 
conduction. It dissipates up to 2 watts 
at a mounting base temperature of 70 
degrees centigrade. Available now in 
volume production—write today 

for complete engineering data. 


DELCO RADIO 


Division of General Motors 
Kokomo, Indiana 


BRANCH OFFICES 


Santa Monica, California 
726 Santa Monica Boulevard 
Tel: Exbrook 3-1465 


Newark, New Jersey 
1180 Raymond Boulevard 
Tel: Mitchell 2-6165 
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ELECTRONS, 
127 Svuss 


CONTROL 


xenon thyratrons 





INCORPOR 
Ex AVENUE 
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4 amp in the spdt variety. ‘Tempera- 
ture range is from minus 55 to plus 
160 deg F.—Pendar, Inc., Van Nuys, 
Calif. 

Circle No. 225 on reply card 


HIGH-SPEED MINIATURE 


Said to be the smallest and most flexi- 
ble general-purpose relay available, the 
Unimite (two models are shown in 
the photo above) measures less than 
1 in. long and approximately } in. in 
diameter. It has an spdt contact ar- 
rangement, a l-msec operating time 
and a 3-msec release time, and can 
be cycled at 10,000 operations per 
min. Contacts are conservatively rated 
1 amp at 28 vde and will meet 
the 4-amp overload requirement of 
MIL-R-5757 C. The unit draws about 
241 mwatt operating power and 
weighs only 3 oz. It has been shock- 
tested to 40 gs and vibration tested to 
30 gs at 55 to 2,000 cps.——General 
Electric Co., Schenectady, N. Y. 
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FOR 100 TO 400 DEG F 


Combining magnetic amplifier and 
transistor circuitry, the Limitemp in- 
dicating temperature controller is de- 





CAN “MATCHED” 





SYSTEM PERFORMANCE? 


They certainly can! And if performance in your servo system is 
important, you owe it to yourself to check out the advantages “‘matched”’ 
servo components by Ketay can give you. 


For example, Ketay’s 105D2V Resolver (designated by the Bureau of 
Ordnance as Mark 4 Mod 1) trimmed to the TREA 4-100-2 Amplifier 
gives you a bonus of high performance and interchangeability: 


1, The system will be trimmed to +.02% transformation ratio, 
with a phase shift tolerance of +1'. 


2. The amplifier will hold linerarity to +.02% from —55° to +100°C. 


3. The receiver will achieve .05% conformity to the sine wave, 
and +3' interaxis error. 


Similar benefits in matched performance can be obtained with system 
combinations using Ketay synchro transmitters, transformers, receivers, 
differentials, transistorized servo amplifiers, and servo motors. 


But performance is not all you gain. When all or most of your 
components are from Ketay, broadest technical assistance is assured, 
and service and spares problems are simplified. 


Ketay engineers are working on many advanced environmental and 
accuracy problems in developing prototype systems. Why not call or 


write for help in solving your servo component problems? 
Ketay matched 
components: 
SYNCHROS 
RESOLVERS 
POTENTIOME TERS 
SERVO MOTORS 
TACHOMETERS 
SERVO AMPLIFIERS 
GYROSCOPES 


Catalogues available . NORDEN - Division of United Aircraft Corporation 
\ 


KETAY ¥Y DEPARTMENT, Commack, Long Island, N.Y. 
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Even the free flow of CO. from a cake of dry ice is difficult to control. 


HOW TO RELATE FLOW, VOLUME AND PRESSURE 








Shown above is a 24-inch, high-speed Rotovalve installed as a pressure control 
valve between the blowdown vessels and settling chamber of a Mach 5 wind 
tunnel operated by the Convair Division of General Dynamics Corporation at 
San Diego. The valve operates at 600 psig, 400° F., on a one-second, open-to-close 
cycle. Its rangeability is 150 to 1. 


Perhaps you have a similar problem, involving flow, volume, pressure and 
time. Every special valve application requires the consideration of many ques- 
tions, in order to relate all the factors that can influence a fluid control problem. 
This demands specialized engineering . .. the kind you get from Allis-Chalmers. 


A-C Rotovalves may be your answer. Their full-line opening offers no obstruc- 
tion to flow. They may be designed to give you extremely close control of closing 
time. Positive closure gives completely tight shutoff against either pressure or 
vacuum. 

If you have a fluid control problem, A-C offers you a broad background of spe- 
cialized valve engineering and application skills. To find out more about how we 
might assist you, contact your nearest A-C valve representative, or write Allis- 
Chalmers, Hydraulic Division, York, Pa. 


RESEARCH DESIGN 


Hydraulic Division MAAPLUIAL TY Tks 


FABRICATION 


ALLIS-CHALMERS 
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Rotovalves @ Ball Valves ¢ Butterfly Valves ¢ Free-Discharge Valves 





Hydraulic Turbines & Accessories ¢ Pumps ¢ Liquid Heaters 
ENGINEERING 


CONTROL 
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signed for monitoring and controlling 
temperatures in the 100 to 400 deg F 
range, Accuracy for control is within 
3 deg of the selected level; meter in- 
dicator can be read to within 6 deg. 
Power output of the unit is 5 watts 
at 24 vde, a level suitable for driving 
high-power static amplifiers, auxiliary 
relays, and other industrial control 
equipment. Model shown is designed 
to sell for less than $150.—Westing- 
house Electric Corp., Pittsburgh, Pa. 


Circle No. 227 on reply card 
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NEW FOUR-LAYER TRIODE 
Called a 
switch, this new semiconductor com- 


ponent is said to be the first available 
for high-speed, high-gain switching in 


silicon pnpn_ controlled 


the 10-to-1,000-ma current range. 
Now in pilot-line production, the 3A 
Series features a JETEC TO-9 pack- 
age, voltage ratings to 200 volts, and 
current ratings to 1 amp. Typical cur- 
rent gains of 500 are possible. Turn-on 
time is on the order of 0.2 psec. The 
device requires just an instantaneous 
pulse to switch and stay in the “on” 
position. There is no need for a con- 
tinuous input.—Solid State Products 
Inc., Salem, Mass. 
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FOR LOW FLOWS 


A new series of flow controllers, for 
liquid flows as low as 2 cc per min 
and air flows as low as 30 sec per 
min, is well-suited for use in gas chro- 
matography, purge systems, pilot 
plants, and process blending opera- 
tions. Units maintain a constant dif- 
ferential pressure across a needle 
valve, capillary, or other restrictor. 
Operating power is provided by the 





These features of 


new Brush 
ultralinear ; pies 
recording | 





‘c y 


systems... | 


In the fields of telemetry, ground support systems, analog 

computing and laboratory testing, Brush recording systems 

have incorporated features which have consistently kept 

interchangeable, plug-in ahead of engineering requirements. Here are a few that 

signal conditioners. a show why— 

INTERCHANGEABLE PLUG-IN SIGNAL CON- 
DITIONERS. You get your choice of sensitivities— 
you get high input impedance—zero suppression. 


SIMPLIFIED FAST CHART RE-LOADING. 
Loaded from the top—features automatic alignment 
and tracking. 


ACCURATE, EASILY REPRODUCIBLE 
RECORDINGS. Your choice of rectilinear or curvi- 
linear charts—rugged ‘“‘throw-proof”’ pens. 


Illustrated above is a Brush RD-1684 rectilinear, 8 channel 
recording system. Sensitivity of 10 millivolts per chart line— 
input impedance, 10 megs balanced or 5 megs grounded. 
Complete system includes mobile cabinet, oscillograph and 
8 signal conditioners. No additional preamplifiers required. 
Available from stock. 


2) rush INSTRUMENTS 


DIVISION OF 


37th & PERKINS | CLEVITE | CLEVELAND 14, OHIO 
CorroRratTion 
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SVeRy THING 


GUARDIAN 
General Telephone 
Purpose Type 


RELAYS 


yours 
with complete 





details 


je 


= 


Catalog “B” Catalog “C” 


The appearance of new Guardian catalogs is always 
greeted with eager anticipation by the world’s most critical 
users of electromagnetic controls. For Guardian relays tradi- 
tionally express the fullest measures of progress in relay engineer- 
ing, design, and highly reliable performance. Now—the news about 
Guardian General Purpose and Telephone Type Relays commands 
the attention of those whose responsibility it is to specify or buy the 
most applicable relays. Completely detailed information por- 
trayed in these catalogs will guide your selection with 
accuracy. We invite you—request Guardian Catalogs 
“B” and “'C” on your business letterhead. 


Series 2100 


Series 1200 Series 220 Series 595 Series 695 -T 








Aend b/p specifications on your application for specific r dati 


GUARDIAN 1G] ELECTRIC 


MANUFACTURING COMPANY 
1623-G W. WALNUT STREET, CHICAGO 12, ILLINOIS 
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line pressure, thus making flow rate 
insensitive to changes in the static 
pressure. Maker claims rangeabilities 
of 500:1 or higher.—Moore Products 
Co., Philadelphia, Pa. 
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25-AMP RATING 


Hermetically sealed, the No. 26820 
miniature, heavy-duty power relay 
offers both space and cost economy. 
Its self-wiping contacts are rated at 
25 amp at 115 vac and will handle 
this load continuously. Minimum life 
is 100,000 operations at full load. 
Dimensions are 13 in. by 1% in. by 
2tt in. Price ranges from $14.80 to 
$7.40, depending on quantity.—Kur- 
man Electric Co., Brooklyn, N. Y. 
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FOUR-WAY TOGGLE 


The Type 8SB2-1 subminiature switch 
combines, with its small size, the ad- 
vantages of multicircuit control, single- 
hole panel-mounting, and a_ toggle 
actuator. A threaded bushing permits 
mounting in panels up to } in. thick. 
The toggle is maintained in the center 
position and is spring-returned from 





Tubexperience in action 





Taylor Instrument 
Companies, one of the 
world’s largest pro- 
ducers of precision 
measuring devices, uses 
many Superior Bour- 
don Tubing analyses. 


Ry for accurate indication of pressure and temperature: 
Bourdon Tubing by Superior 


Bourdon tubes with consistent spring rate and minimum set, 
drift and hysteresis are essential to precision measurement of 
pressure in modern indicating, recording and controlling 
instruments. The tubing from which they are made must be 
free of inclusions and seams, carburization or decarburization, 
rough or corroded surfaces, and variations in wall thickness. 
Superior Bourdon Tubing has the extra qualities that permit 
interchangeability of Bourdon elements in the field with 
maximum ease, simplify range changes, require only link- 
age adjustment. 


Typical of the care exercised in the manufacture of Superior 


Bourdon Tubing is the use of weight control to check tubing 
dimensions. This fast, precision method of checking average 
wall or ID enables us to provide tubing with unusually high 
overall uniformity. No matter how many Bourdon elements 
you make from Superior tubing, you get a uniform deflection 
rate in every case. 


Superior offers a wide range of analyses, including strain- 
hardened, precipitation-hardened and heat-treatable materials 
for the fabrication of Bourdon Tube elements. Write for a 
copy of Bulletin 41, giving detailed information. Write Superior 
Tube Company, 2026 Germantown Ave., Norristown, Pa. 


Swwervr fade 


The big name in small tubing 
NORRISTOWN, PA. 


All analyses .010 in. to ¥z in. OD—certain analyses in light walls up to 2Yz in. OD 
West Coast: Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 
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INSTRUMENT 
SERVO-AMPLIFIERS! 


an addition to the DI Eh L family of 


INSTRUMENT SERVO 


This new line of Instrument Servo- 
Amplifiers, coupled to an already es- 
tablished family of DIEHL Instru- 
ment Servomotors, Tachometers and 
Gear Reducers, further expands the 
new DIEHL concept of furnishing 
high quality servo components in 
modular form. 

These units have been designed so 
that a true servomotor-amplifier com- 
bination featuring faster SERVO re- 
sponse is at last available from a 
single source of supply. 

DIEHL Instrument Servo-Amplifiers 
are supplied in ratings suitable for 
driving the popular 1, 5 and 10 watt 
motors and use printed circuitry for 
high reliability. 


COMPONENTS 


FEATURES 


¢ Standard rack mounting. 

¢ Control adjustments for gain, 
phase, internal feedback, and 
external feedback. 
Push-pull output stage 
matched to motorcontrol 
phase. 

e A.C. or D.C. input. 
With or without integral pow- 
er supply. 
Reliable, premium quality 
vacuum tubes. 





* SINGER 


Piel 


Write for detailed information on this com- 
plete line of Instrument Servo Components. 


DIEHL MANUFACTURING COMPANY 
Electrical Division of THE SINGER MANUFACTURING COMPANY 
Finderne Plant, SOMERVILLE, N. J. ~ 


other available components 


* AC SERVOMOTORS * AC SERVOMOTORS 


WITH AC TACHOMETERS * DC SERVO SETS 


© AC SERVOMOTORS WITH DC TACHOMETERS « AC AND DC TACHOMETERS * RESOLVERS 


*A Trademark of DIEHL MANUFACTURING COMPANY tA Trademark of THE SINGER MANUFACTURING COMPANY 
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NEW PRODUCTS 


each of its four “operate” positions. 
Each position actuates two spdt 
switches.—Unimax Switch Div. of The 
W. L. Maxson Corp. 


Circle No. 231 on reply card 


PROGRAMMED CONTROL 


Designed for oil well, underpass, and 
pipe-line pumping applications, this 
new controller combines a standard 
automatic engine control with a timer 
that can be programmed to start and 
stop engine-driven pumps at preset 
intervals. Since the governed dc tim- 
ing motor takes its power from the 
engine battery, no external supply 
is required.—Synchro-Start Products, 
Inc., Skokie, Il. 


Circle No. 232 on reply card 


TWO OPERATING MODES 


Called a Barometric Altitude Control- 
ler, this device features two distinct 
operating modes and a high degree of 
accuracy. Unengaged, it functions as 
a precision altimeter, providing instan- 
taneous altitude or pressure informa- 
tion as a voltage and shaft position. 
Engaged, either manually or by self- 
engagement, it provides information 
on altitude deviations for flight control 
use. Standard operating range is from 
sea level to 100,000 ft.—-General Con- 
trols Co., Glendale, Calif. 


Circle No. 233 on reply card 





“Oe - the ideal computer for “on-line” 
ef A, data processing and control 


In use now, as a part of several systems, the Bendix G-15 mentioned above and operated under control of the 
has proven itself the ideal digital computer for data reduc- computer. 
tion and control. Its high speed . . . versatile command 








Finally, information can be directly written on or read from 
structure . . . widely varied methods and means of input the memory drum, under control of special external devices. 


and output . . . small physical size . . . and its low cost, Computation can proceed simultaneously with any form 
all contribute to the reason why the G-15 is being selected of input-output. 


for use in more and more on-line applications. Note that all of these methods of input and output 


The G-15 is the fastest general purpose computer in the can be utilized without modification of the computer. 
low price field. In at least one case the G-15 has been Connectors are provided for each type of input and 
chosen for real-time computation where only a million output described. 

dollar computer has ever been used before. If ruggedness is required, the G-15 can prove an enviable 


The versatility of the G-15's besic programming system record. Two of them have been in use for well over a year 
‘ ; , a bolted directly to the deck of a ship. Average up-time of 
contributes heavily to its on-line ability. Commands are ms : é 
available for special operations essential to power and effi- al G-I8s ~ exceptional. The G-15 is compact S00, ene 
clency in this type of apolication. of course, it can be used as a powerful general purpose 
computer, as well as for on-line applications. A variety of 
Perhaps of greatest importance is the computer's unique simplified programming systems is available, including the 
variety of input-output possibilities. The basic G-15 includes renowned INTERCOM 1000, which can be used after four 
an electric typewriter for input-output and control, a fast 
paper tape punch, and a magazine loaded high-speed 
photoelectric tape reader. Punched card and magnetic tape 
units are also available. 


hours training or less. 


The reasons are many . . . but the fact is that more and 
more G-15’s are being leased or purchased for on-line use. 
If you would like to discuss your own requirements, we 
Other devices such as A to D or D to A converters may would be pleased to work with you. Write Dept. W-6a 
be connected simultaneously or in place of the accessories for a new 24-page bulletin on the G-15 in on-line use. 


TYPICAL SYSTEMS WHERE THE G-15 CAN BE USED 1 Bendix” 


1) Process monitors and controls 


2) Missile tracking and impact prediction systems 
3) Engine test stands and wind tunnels 


4) Machine tool controls and many’ other 
open and closed loop systems. 


DIRECT 
MEMORY 
) | CONNECTIONS 


Pn ee ae a ee a am eee en eee ep 
' 


MAGNETIC 
TAPE UNITS 


PUNCHED CARD 
EQUIPMENT 


TYPEWRITER 
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Dual display on 
linear time base. 


TYPE 502 CHARACTERISTICS 


HIGH-GAIN AMPLIFIERS 

200-microvolts/cm deflection factors, both de-coupled and ac-coupled. 16 
calibrated steps from 200 jiv/cm to 20 v/cm 

Passbands — de-to-100 kc at 200 pv/cm, increasing to dc-to-200 ke at 
1 mv/em, de-to-400 kc at 50 mv/cm, and to dc-to-1 mc at 0.2 v/cem 
Differential Input, Both Channels—Rejection ratios: 1000-to-} at 1 mv/cm or 
less, 100-to-! at 0.2 v/cm, 50-to-1 at 5 to 20 v/cm 


Constant Input Impedance, | megohm, 47 jif, both channels 


WIDE-RANGE SWEEP CIRCUIT (Common to both beams) 

Single-knob control for selecting any of 22 accurately-calibrated sweep rates 
from | psec/cm to 5 sec/cm 

Sweep Magnification—2, 5, 10, and 20 times, accurate within the maximum 
calibrated sweep rate. 


Automatic Triggering—fully automatic, or preset with amplitude-level selec- 
tion when desired. Sweep can also be operated free-running 


X-Y¥ CURVE TRACING OPERATION 

Horizontal-input amplifier permits curve-tracing with both beams simultane 
ously at sensitivities to 0.1 v/cm. For curve-tracing at higher sensitivities (to 
200 jsv/cm) with one beam, one of the vertical amplifiers can be switched to 
the horizontal-deflection plates 


OTHER FEATURES 


Amplitude calibrator, | mv to 100 v in decade steps—square wave, frequen- 
cy about | ke. 


3-kv accelerating potential on new Tektronix 5” dual-beam crt. 8-cm by 
10-cm linear-display area, each beam, 6-cm overlap 


Electronically-regulated power supplies 


Price $825 
f.o.b. factory 


Te 


Son fille 
ee sd 


TYPE 502. 
OSCILLOSCOPE 


Dual display 
for X-Y curves. 


a) feorcie), Mer-\i,le)2) 7 -\ aie) -)- 

200 uv cm SENSITIVITY, BOTH BEAMS. 
DIFFERENTIAL INPUT, ALL SENSITIVITIES. 

2, 5, 10, and 20 TIMES SWEEP MAGNIFICATION. 


X-Y CURVE TRACING with TWO BEAMS—(hori- 
zontal input sensitivity to 0.1 v cm). 


SINGLE-BEAM X-Y CURVE TRACING at 200 iv cm, 
BOTH AXES. 


EXTRA FEATURE—Both amplifiers have transistor- 
regulated parallel heater supply. 


Here are a few uses for the Type 502: 
IN ELECTRONICS — Use the Type 502 as a general-pur- 


pose oscilloscope and also to show simultaneously the 
waveforms at any two points in a circuit, e.g. input and 
output, opposite sides of a push-pull circuit, trigger 
and triggered waveform, etc. 


IN MECHANICS—Display, compare, and measure out- 
puts of two transducers on the same time base; plot 
one transducer output against another—pressure against 
volume or temperature for instance; measure phase 
angles, frequency differences, etc. 


IN MEDICINE—Display, compare, and measure stimu- 
lus and reaction, or the outputs of two probes, on the 
same time base; use differential input to cancel out 
common-mode signals, or to eliminate the need for a 
common terminal; use in routine investigations, etc. 


IN ALL FIELDS—The Type 502 can save you more than 
its cost in time—in as little as one application! 


Tektronix, Inc. 


P.O. Box 831 + Portland 7, Oregon 
Phone CYpress 2-2611 > TWX-PD 311 + Cable: TEKTRONIX 


TEKTRONIX FIELD OFFICES: Albertson, L.!., N.Y. * Albuquerque * Atlanta, Ga. * Bronxville, 
N.Y. * Buffalo * Cleveland * Dallas * Dayton * Elmwood Park, Ill. * Endwell, N.Y. * Houston 
Lathrup Village, Mich. * East Los Angeles + West Los Angeles * Minneapolis * Mission, Kansas 
Newtonville, Mass. * Orlando, Fla. * Palo Alto, Calif. + Philadelphia * Phoenix * San Diego 
St. Petersburg, Fla. * Syracuse * Towson, Md. * Union, N.J. * Washington, D.C. * Willowdale, Ont. 


TEKTRONIX ENGINEERING REPRESENTATIVES: Howthorne Electronics, Portland, Oregon 
Seattle, Wosh.; Hytronic Measurements, Denver, Colo., Salt Lake City, Utah 


Tektronix is represented in 20 overseas countries by qualified engineering organizations 
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IMPORTANT: Circle key numbers below and mail before September 1, 1959 


10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 
1 6210«3t 4d 51 61 71 81 91 101 111 121 131 141 151 161 171 181 191 
12 22 32 42 52 62 72 82 92 102 112 122 132 142 152 162 172 182 192 
13. 23 «33 «43 53 63 73 83 93 103 113 123 133 143 153 163 173 183 193 
14 24 34 44 54 64 74 84 94 104 114 124 134 144 154 164 174 184 194 
15 25 35 45 55 65 75 85 95 105 115 125 135 145 155 165 175 185 195 
16 26 36 46 56 66 76 86 96 106 116 126 136 146 156 166 176 186 196 
17 27 3 47 57 67 77 87 97 107 117 127 137 147 157 167 177 187 197 
18 28 38 48 58 68 78 88 98 108 118 128 138 148 158 168 178 188 198 
19 29 39 49 59 69 79 89 99 109 119 129 139 149 159 169 179 189 199 


DSDOnNC UA WN = 


210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 
211 221 231 241 251 261 271 281 291 301 311 321 331 341 351 361 371 381 391 
212 222 232 242 252 262 272 282 302 312 322 332 342 352 362 372 382 392 
213 223 233 243 253 263 273 283 303 313 323 333 343 353 363 373 383 393 
214 224 234 244 254 264 274 284 294 304 314 324 334 344 354 364 374 384 394 
215 225 235 245 255 265 275 285 295 305 315 325 335 345 355 365 375 385 395 
216 226 236 246 256 266 276 286 296 306 316 326 336 346 356 366 376 386 396 
217 227 237 247 257 267 277 287 307 317 327 337 347 357 367 377 387 397 
218 228 238 248 258 268 278 288 298 308 318 328 338 348 358 368 378 388 398 
219 229 239 249 259 269 279 289 299 309 319 329 339 349 359 369 379 389 399 


One of these 
handy prepaid 
post cards will 
bring you detailed 


° ° L} Ent bscription to CONTROL ENGINEERING for on d bill for the $5 cost 
information nter my subscriptio r one year and bill me for the $5 cos 
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Nore information About 
1. Advertised products 


2. New product items 
3. Catalogs and bulletins 


All advertisements, new products and literature items are numbered for your convenience 


IMPORTANT: Circle key numbers below and mail before September 1, 1959 


10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 
er 2 ee) 51 61 71 81 91 101 111 121 131 141 151 161 171 181 191 
12 22 32 42 52 62 72 82 92 102 112 122 132 142 152 162 172 182 192 
13 23 33 «43 53 63 73 83 93 103 113 123 133 143 153 163 173 183 193 
14 24 34 44 54 64 74 84 94 104 114 124 134 144 154 164 174 184 194 
15 25 35 45 55 65 75 85 95 105 115 125 135 145 155 165 175 185 195 
16 26 36 46 56 66 76 86 96 106 116 126 136 146 156 166 176 186 196 
17 27 37 47 57 67 77 87 97 107 117 127 137 147 157 167 177 187 197 
18 28 38 48 58 68 78 88 98 108 118 128 138 148 158 168 178 188 198 
19 29 39 49 59 69 79 89 999 109 119 129 139 149 159 169 179 189 199 


CanNO ULAWH — 


HOW TO USE THESE CARDS: 


210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 
P 211 221 231 24) 251 261 271 281 291 301 311 321 331 341 351 361 371 381 391 
Find the key number on 212 222 232 242 252 262 272 282 302 312 322 332 342 352 362 372 382 392 
item of interest 213 223 233 243 253 263 273 283 303 313 323 333 343 353 363 373 383 393 
214 224 234 244 254 264-274 284 304 314 324 334 344 354 364 374 384 394 
. ; 215 225 235 245 255 265 275 285 305 315 325 335 345 355 365 375 385 395 
Circle this number on one 206 216 226 236 246 256 266 276 286 296 306 316 326 336 346 356 366 376 386 396 
of the cards 217 227 237 247 257 267 277 287 307 317 327 337 347 357 367 377 387 397 
208 218 228 238 248 258 268 278 288 308 318 328 338 348 358 368 378 388 398 
209 219 229 239 249 259 269 279 289 299 309 319 329 339 349 359 369 379 389 300 

Mail card immediately 


() Enter my subscription to CONTROL ENGINEERING for one year and bill me for the $5 cost 


Name Title 





Company 








Address 








BUSINESS REPLY MAIL 


First Class Permit Ne. 64, (Ser. P. &. & R.) New York, M. Y. 











Reeder Service Department 1 (6/59) 


CONTROL ENGINEERING 
330 West 42nd Street 
New York 36, N. Y. 








INSTRUCTIONS 


Use these reader service cards 
to get more information on 


advertised products, new product items 
or catalogs and bulletins 
appearing in Control Engineering 





Circle number on card that 
coincides with key number 
listed at bottom or 

adjacent to item of interest. 


Fill in your name, title, 
company and address. 


3. 
Meil card immediately. 





BUSINESS REPLY MAIL 


First Clase Permit Ne. 64, (Ser. P. L. & R.) New York, N. Y. 











Reader Service Department 2 (6/59) 
CONTROL ENGINEERING 
330 West 42nd Street 

New York 36, N. Y. 








Economical, Service-free 
RBM series 128000 


POTENTIAL TYPE MOTOR STARTING RELAY 


A highly efficient, dependable relay for 
starting single phase capacitor type 
motors, where use of centrifugal switch 
is impractical. Normally closed contacts 
disconnect start capacitor from circuit at 
desired switching speed. Standard con- 
tact arrangement is single pole normally 
closed. Listed by U/L File No. SA 1984. 


MEETS STRINGENT REQUIREMENTS OF COMPRESSOR, 
MOTOR, PUMP, AIR CONDITIONING MANUFACTURERS 


BENEFITS 








GENERAL PURPOSE 
SHUNT TYPE RELAY 
SERIES 129000 




















EXTRA NORMALLY OPEN ADJUSTMENT BY 
CONTACTS (SP0B) AVAILABLE "FLUX SHUNT” iN 
FOR SEQUENCE STARTING MAGNETIC C/RCUIT 


SS 7 
OA INCORPORATES ALL 
= 128000 FEATURES, EXCEPT 


OPERATING COILS ARE 
DESIGNED FOR STANDARD 
COMMERCIAL VOLTAGES. 
(OTHER COILS AVAILABLE 


pu FOR SPECIAL APPLICATION), 
COWTACT RATINGS /@AMP 
AT 250V. OR 1 HP-/25¥. 

ta SINGLE PHASE; 2H.P--250V. | 


LARGE DOUBLE BREAK J SINGLE PHASE . L/STEOBY 


NO CURRENT AVA/LABLE WITH 
COVER HELD FIRMLY CARRYING RIVETS SCREW OR QU/CK 
BY 2 SCREWS IN CONTACT C/RCUIT CONNECT TERMINALS 














CONTACTS.POSITIVE BALANCED VARIETY OF MOUNTING Y, FILE NO. E-/ 2/39, 
HAMMER BLOW ACT/ON BRACKETS AVAILABLE 


al RBM Prod tA +f - maa,’ te ff 8 tin 107 


RBWRBM 


Oreo ot ob ae) t_— ae Db ta U_ eed ea! 
-a-¥-9 > and) -1 Mote) -1-1e)-F wale). mu mele?- 1.11.10) hen |e)? VT 


ae: Con cola t= Located at Peru, North Manch ter and lt ja elo] a Omi lale| 
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COX Electronic 
FLOW 


MEASURING 


SYSTEM 


COX Instruments brings you the most ad- 
vanced development in flow measuring 
equipment: A calibrated, integrated flow 
measuring system with a guaranteed system 
accuracy of + 4% and flow ranges of 
1;1000. 


Developed for the missile age, the COX 
Flow Measuring System consists entirely of 
COX-built components. It comprises a tur- 
bine flow transducer; a choice of continu- 
ous reading digital indicators, counter, or 
dial indicator; and a manifold assembly 
with a unique automatic by-pass valve. All 
are calibrated for system accuracy of Y%2%. 


COX Flow Measuring Systems are in use 
in many aircraft and missile industry 
laboratories. We welcome the opportunity 
to tell you more about them. 


Write for our new bulletin No. 
2027. Cox Instruments Division, 
George L. Nankervis Company, 
15400 Fullerton Avenue, Detroit 
27, Michigan. 


Precision Instruments Since 1912 


COMM Mm ste a mien ti 
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| NEW PRODUCTS 


PLUS. ... 


(234) A compact dc magnetic relay, 
by Square D Co., Milwaukee, Wis., is 
available for pilot duty on dc control 
panels. . . . (235) Fully automatic 
stopping and starting of engine-driven 
generating sets is provided by a new 
automatic engine-starting control mar- 
keted by Automatic Switch Co., Flor- 
ham Park, N. J. . . . (236) Artisan 
Electronics Corp., Morristown, N. J., 
offers a Model RH all-purpose relay 
that can be furnished with contact 
arrangements up to 4pdt and rated at 
5 or 10 amp. . . . (237) The Ful- 
tro Lectric controller-positioner-valve 
combination, a product of Robert- 
shaw-Fulton Controls Co., Richmond, 
Va., is a compact self-actuating pres- 
sure or temperature controller for 
small-plant applications. 


Circle No. 234, 235, 236, 
or 237 on reply card 


POWER SUPPLIES 


TRANSIENT-FREE DC 


Eleven new dc power supplies, de- 
signed to incorporate the advantages 
of both magnetic amplifier and transis 
tor regulation, provide transient-frec 
outputs of from 0-60 vde at 1 amp 
to 24-32 vde at 100 amp. Character 
istics of the model pictured above in- 
clude: static regulation, both line and 
load, within 0.1 percent; dynamic line 
regulation within 0.1 percent; dy- 
namic load regulation within 0.5 volt; 
ripple within 5 mv, rms; and a maxi- 
mum dynamic-impedance of 30 milli- 
ohms—Perkin Engineering Corp., FE! 
Segundo, Calif. 


Circle No. 238 on reply card 





LS. Army. Sienal 


ab eveyealtey at 


designs computer 


to measure wind ettects 


on missile 


aunchings... 


-and Vernistat® ts there! - 


Doesn't Vernistat thinking belong in your system design too? 


Nonlinear servo system and computer 
inputs are easily adjusted with the 
Vernistat Adjustable Function Genera- 
tor. In addition, the Function Gen- 
erator enables nonlinear system 
characteristics to be corrected with a 
minimum of time and effort. The 
Function Generator, a variation of the 
unique Vernistat a. c. potentiometer, 
can generate mathematical or empiri- 
cal functions, even those with multiple 
slope reversals. The function is dis- 
played graphically on a 6 x 8 inch 


panel which allows for instant visuali- 
zation and adjustment. 

Connected to a 34-pole printed cir- 
cuit switch are 101 voltage levels. Any 
of the 34 poles can be connected to 
any desired voltage level to within 
0.5%. The Generator’s X-axis repre- 
sents shaft position of an interpolat- 
ing Vernistat potentiometer, and the 
Y-axis represents percentage of input 
voltage. 

Linear interpolation between each 
adjacent pair of the 34 selected volt- 


age levels is provided by a Vernistat 
interpolating potentiometer. Mini- 
mum slope of voltage output curve is 
zero, with a 20-volt maximum 
between adjacent poles. Maximum 
output impedance is 130 or 470 ohms. 
Units are designed for operation over 
a wide range of frequencies. 

Write now for fv!l details on 
Vernistat Adjustable Function Gener- 
ators, a. c. potentiometers, and vari- 
able ratio transformers. 


. ® 
* vernistat — a new design concept that unites in one compact device the best features of 


both the precision autotransformer and the multiturn potentiometer. 


Perkin-Elmer Gyno 
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CURRENT GAIN 


h 


aE 


COLLECTOR CURRENT Adc 


Solid line indicates the low beta fall-off of one of the new Bendix transistors as compared to that of an ordinary transistor. 


NEW BENDIX HIGH GAIN 


INDUSTRIAL POWER TRANSISTORS 
OFFER FLATTEST BETA CURVE 


Now available—a new series of power transistors with the flattest beta curve in the 
industry, made possible by an exclusive Bendix process. This new series has very 
high current gains—up to 200 at 3 Adc—and a 10 ampere peak current rating. 
Featuring ten-amp performance at a five-amp price, the 2N1136,A,B; 2N1137,A,B; 
and 2N1138,A,B series provide: 
LOW BETA FALL-OFF —_——_————_» LESS DRIVE AND LESS DISTORTION 
LOW SATURATION RESISTANCE ———————_»> GREATER CIRCUIT EFFICIENCY 
VOLTAGE BREAKDOWN RATINGS ————————-> ELIMINATION OF BURN-OUT 
CURRENT GAIN MATCHING ———————-> OPTIMUM CIRCUIT PERFORMANCE 
Ideally suited for use in static convertors and regulators, these powerful transistors 
also have numerous applications in relay replacements and drivers for relays, magnetic 
clutches, solenoids and other loads requiring high current. In addition, their extremely 
high current gain and excellent hFE linearity make them the most practical and 
efficient television vertical output amplifiers. 
For complete information, contact SEMICONDUCTOR PRODUCTS, BENDIX AVIATION 
CORPORATION, LONG BRANCH, NEW JERSEY. 





West Coast Sales Office: 117 E. Providencia Avenue, Burbank, California 
Midwest Sales Office: 4104 N. Harlem Avenve, Chicago 34, lilinois 
New England Sales Office: 4 Lloyd Road, Tewksbury, Massachusetts 
Export Sales Office: Bendix International Division, 205 E. 42nd Street, New York 17, New York 
Canadian Affiliate: Computing Devices of Canada, Ltd., P. O, Box 508, Ottawa 4, Ontario, Canada. 


FRB eal Division eee 
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NEW PRODUCTS 


FOR MISSILE TESTING 


This new hydraulic power unit uses a 
variable-delivery pump, powered by a 
15-hp, 3,450-rpm motor, to provide 
a 0-10 gpm surge-free oil flow at 
0-3,000 psi. Developed for missile test 
applications, it features instrumenta- 
tion accuracies within 4 percent, and 
will operate for 1,000 hours without 
maintenance. A separate 14-hp oil 
circulating pump maintains filtration 
of the oil supply when the main pump 
is not in operation.—Cen-T’cc Corp., 
Livonia, Mich. 


Circle No. 239 on reply card 


DESIGNED FOR OEM’S 


A complete line of vacuum-tube power 
supplies designed as modules for orig- 
inal equipment applications, features 
a wide selection of overlapping cur- 
rent and voltage ranges. Sixteen mod- 
els cover ranges from 125 volts at 50 
ma to 425 volts at 400 ma. Regula- 
tion for the entire line is within 0.05 
percent; ripple, less than 1 mv rms; 
and transient response, less than 25 
usec, One-piece cast aluminum hous- 
ings and JAN hardware provide a 
rugged package—NYT Electronics, 
Inc., Burbank, Calif. 


Circle No. 240 on reply card 


RIPPLE UNDER 0.02 PERCENT 


Photo shows one of four new tran- 
sistorized, regulated dc supplies that 
provide fast response, low ripple, and 





RELIABILITY—PLUS UNLIMITED SCOPE FOR FLUID-FLOW CONTROL 
These compact valves afford split-second control in high pressure and cryogenic flow systems. 


Whittaker’s spherical plug construction provides the efficiency of “straight-through flow” 


with negligible pressure drop—almost constant low operating torque regardless of pressure 


... for unlimited advantages of flow control! Available in a wide range of sizes, each valve is 
designed to customer specifications — may be actuated manually, pneumatically, hydrau- 
lically, or electrically. Since 1955, Whittaker Spherical Plug Valves have been produced in 
quantity for both missile and aircraft applications—let Whittaker engineers help you with 
your design problem. Write, wire, or phone. 


Time-proven Reliability WHITTAKER CONTROLS 
In Hydraulic-Pneumatic-Fuel Controls . DIVISION OF TELECOMPUTING 
S) CORPORATION 
BRANCH OFFICES: New York, Dayton, Seattle, Wichita, Atlanta 915 N. Citrus Ave., Los Angeles 38, Calif. » HO 4-0181 
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INSTRUMENTATION 
TELEMETERING 
DATA REDUCTION 


TELEVISION 
RECORDING 


¥ “ 
aco as 
4D 


> FLUTTER & WOW METER 


moderate cost for use in field 
tape recorders and reproducers, 


ilized oscillator 

modulation 

6 to 250 cps, 0.5 to 250 cps 
scale rms 


MODEL 
FL-4C 
WIDEBAND / 
FLUTTER METER | 


BROADCASTING 
RECORDING 
MOTION PICTURES 
AUDIO 


Features 
A very sensitive broadband instrument for laboratory use in 
the precise measurement of small amounts of flutter with 
components up to 5000 cps. Most frequently used in tele- 
metering and data reduction systems, 
Specifications 
Carrier Frequency — 14,500 cps, crystal controlled 
Bandwidth -- D-c to 5000 cps within 6 db 
Bandwidth Selection — Full range above, 0.5 to 30 cps, 

to 300 cps, cp: 
Scale Ranges — 0.2%, 0.6% and 2.0% rms full scale 
Drift Meter — + 1.0% frequency change d.c. to 2 cps 
Display — 3-inch flat-face oscilloscope for flutter analysis 
Price $1140.00 rack mounted, $1185.00 in cabinet 
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excellent regulation for low-voltage, 
high-current applications. Outputs 
are: 6-50 volts, 0-2 amp; 6-32 volts, 
0.3 amps; 1.50 volts, 0.2 amp; and 
1.5-32 volts, 0-3 amp. Characteristics 
below pertain to all models. 
Characteristics: 
Input: 105-125 volts, 60-400 cps 
Stability: 0.5 percent or 50 mv 
Output impedance: 0.5 ohm max 
Line regulation: 0.1 percent or 20 my 
for 10 percent input variation 
Load regulation: 100 mv max 
—Valor Instruments, Inc., Gardena, 


Calif. 
Circle No. 241 on reply card 


PLUS. ... 


(242) Kepco Laboratories, _Inc., 
Flushing, N. Y., offers a line of com- 
pact stud-mounting power supplies 
covering six voltage ranges between 
0 and 38 volts. . . . (243) A small 
transistorized supply manufactured by 
Amokd Magnetics Corp., Los Angeles, 
Calif., develops any voltage from 12 
to 1,200 vde at 100 watts output 
power, from a 28-vdc input. 

(244) Ratigan Electronics, _ Inc., 
Glendale, Calif., has announced de- 
velopment of a_ solid-state, 500-va 
three-phase ac voltage regulator for 
stabilizing a 100-130-vac input. 


Circle No. 242, 234 or 
244 on reply card 


ACTUATORS & 
FINAL CONTROL 
ELEMENTS 


a | 


ADJUSTABLE PISTON SPEED 


Called the Hannifin Air Motor, this 
device combines an air power cylinder, 
a solenoid control valve, and adjust- 
able speed controls in a single package. 
The valve is of a reciprocating disc de- 
sign that is insensitive to contami- 
nants. Speed controls are built into 





HAGAN NEWSLETTER 


Behind the Panel 


CONTROLLED ATMOSPHERE FURNACE--WITH A CONTROLLED ATMOSPHERE 


Very special high silicon steel sheets, to be used for transformer cores, are annealed in a 
furnace using hydrogen as a reducing atmosphere to remove occluded moisture and other impuri- 
ties. A Hagan furnace pressure control system, specially designed for this application, has 
produced some interesting results. Tests have shown that, with Hagan's precision control, 
hydrogen flow can be reduced during certain times in the annealing cycle, with a consequent 
saving in hydrogen amounting to $12,000 annually, more than enough to pay for the controls the 


first year. But a much more important result is the general upgrading of product. In fact, 








recent checks have shown that quality of the product was improved by 200%. (Item G-1) 





WASHDAY PROBLEM SOLVED .. . BY A HAGAN DUST COLLECTOR 


A college high in the Rockies was so situated that flyash from the boiler showered the whole 

valley. This was particularly undesirable on washdays, since staff residences were clustered 

around the college and up and down the valley. The problem had an easy solution--since when a 
54-tube Hagan Aerostatic Dust Collector was installed, the flyash menace to clean clothes 


simply ceased. In fact, one resident said--for the first time in many years, we had white snow 


this winter. Everyone is pleased, especially the college, since an electrostatic collector doing 
the same job would have cost 8 to 10 times as much as the Hagan unit. The principle of Selective 


Particle Acceleration, exclusive with Hagan, is the reason why Hagan dust collectors obtain 
remarkably high efficiencies, even with such finely divided dusts as fly ash. (Item G-2) 








DUAL CONTROLS IMPROVE BLAST FURNACE EFFICIENCY 


A modernization program for a blast furnace included the installation of a Hagan blast furnace 
blower control system. Designed to maintain a steady flow of blast air, the system has helped 
improve overall performance, and lower operating costs. Such results are to be expected from 
Hagan systems, but this particular installation differs from the average in one major aspect. 
The usual control panel is installed in the blower room, but an additional station is located 
in the cast house. This allows the cast house operator to take over direct control when 
desirable, and maintain the exact conditions required without the delay caused by signaling 
between cast house and blower room. This dual system has added much to the flexibility of the 











system and is credited with raising production. (Item G-3) 


METERING CHEMICAL FEEDS?--THIS METER IS ACCURATE OVER WIDE TURNDOWN 


At a large utility a Hagan Ring Balance meter was to be used to control the feed of lime 

and soda ash to their hot process lime softener. Because of extreme variations in flow, two 
line sizes were used in the meter run so that they could switch from a large to a small line 
when plant make-up requirements approached minimum rates. However, the small line proved to 
be inadequate. Rather than change lines, plant personnel decided to try operating over the 
full load range on the large line. The accuracy of the feed was checked by the plant chemist 
who would analyze the treated water to within 1 PPM. Chemicals used were also compared to the 





total volume of raw water. Both of these checks showed that the Hagan meter was holding the 


required chemical feed proportions within 1 PPM, even ‘though loads frequently fell well 


below 10% of chart. (Item G-4) 











HAGAN CHEMICALS & CONTROLS, INC. 
Hagan Building, Room 705, Pittsburgh 30, Pennsylvania 


In Canada: Hagan Corporation (Canada) Limited, Toronto 
European Division: Via Flumendosa No. 13, Milano, Italy 


If you would like more information on any of the above items, check the appropriate box below. 
O Item G-l C) Item G-2 C) Item G-3 Item G-4 


CIRCLE 109 ON READER-SERVICE CARD JUNE 1959 





TRANS-SONICS 


PLATINUM TEMPERATURE TRANSDUCERS 


TM. 


for measurement, telemetry, and control 


@ TEMPERATURES FROM —425 TO + 1832 F. 


@ ACCURACIES TO 0.1 F. 


—— 


1300 Series 


Type 2135 


nf 


1350 Series 


Type 1321 


@ 5 VOLT OUTPUT 





= Cement-On Type 1375 





= Weld-On Type 1376 


@ PRECISION CALIBRATION 


@ HIGH RESPONSE SPEED 


BULB TYPE for corrosive gases and liquids 


1300 Series transducers are available in 
ranges from —400 F to +1832F, feature 
1% accuracy, stainless-steel construction, 
and a time constant of less than 2.5 sec- 
onds in agitated liquid. Many standard and 
special bulb lengths are available. 


Type 2135 has +0.25 F accuracy and in- 
terchangeability over a range of 0 to 
+125 F. The platinum element is enclosed 
in a nickel-plated bulb, and the unit will 
withstand a working pressure of 4500 psi. 


OPEN TYPE for non-corrosive gases and liquids 


1350 Series transducers are available in 
ranges from —300 F to +600 F, with an 
accuracy of +1% full scale. The platinum 
sensing element comes in direct contact 
with the gas or liquid being measured, re- 
sulting in a typical response time of 0.2 
second in agitated liquid. 


Type 1321 is designed for extreme low 
temperature measurements, with special 
calibrations to —425 F. Operating inter- 
val is 30 F in ranges up to +250 F, with 
+1% accuracy. A perforated shield pro- 
tects the platinum sensing element from 
high flow rates. 


SURFACE TYPE for all kinds of surfaces 


These platinum temperature transducers 
can be installed by a variety of methods 
on any surface .. . flat or curved, metallic 
or non-metallic. The following types are 
available in ranges from —400 F to 
+1850 F: Cement-On, Weld-On, Tape- 
On, Thermopaper, Sub-Surface, and Sur- 
face Transferable. 


A five-point resistance-temperature calibration certificate at 0, %4, 2, %, and 
full scale temperature is supplied with each transducer. Custom designs for all 
temperature transducers are available on special order with accuracies to 
0.1 F. Write to Trans-Sonics, Inc., Dept. 11,, Burlington, Mass. for Condensed 
Catalog on Platinum Temperature Transducers. 


TRANS-SONICS 


Precision Tuansducow 
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| NEW PRODUCTS 


the four-way valve port plate and pro- 
vide accurate adjusiment of piston 
specd in either direction. Five bore 
sizes are available; stroke lengths, to 
customer’s specifications. — Hannifin 
Co., Des Plaines, Ill. 


Circle No. 245 on reply card 


NO LINKS OR GEARS 


Called a Roto Drive, this new servo- 
actuator provides direct rotary drive 
without bell cranks or other me:hani- 
cal linkages. Its positioning accuracy 
is limited only by the characteristics 
of the associated servovalve and feed- 
back transducer. Applications include 
actuation of aircraft and missile con- 
trol surfaces, throttle contrcls, and 
antenna positioning. 


Characteristics: 


Frequency response: to 100 cps 
Power ratings: to 10 hp or more 
Breakaway pressure: under 10 psi 
Drive arcs: up to 300 deg 
Positioning accuracy: within | min 
—Parameters, Inc., New Ilyde Park. 
mM. ¥. 

Circle No. 246 on reply card 


PNEUMATIC OR HYDRAULIC 


Suitable for use with water, air, gas, 
or oil, this newly designed rotary 
to:que actuator features full cush- 
ioning and dead-tight seals through 





NOTABLE ACHIEVEMENTS AT JPL... 


In August 1941, America’s first jet- 
assisted airplane takeoff was accom- 
plished with an Ercoupe monoplane, 
using JPL developed solid propellant 
rockets. Scientists at JPL shortly discov- 
ered that a powdered perchlorate oxi- 
dizer, mixed with a liquefied plastic fuel 
binder, could be cast directly in plastic- 
lined light-weight motor cases. Thus a 
safe and cheap method was now avail- 
able for preparing large internal-burning 


PIONEERING IN 


SOLID PROPULSION SYSTEMS 


From the first Amer 


airplane takeoff to the 
ol-Jai-e-halelame le iiel—remel-tlit-1a 
systems, the Jet Propuls 


forelah dial el-t—ma com ol—m-tam-longh s—m eo) | 


composite propellant charges. This basic 
process became the foundation for the 
modern solid propellant industry. 

In 1954, U.S. Army Ordnance re- 
quested JPL to develop a compact, 
rugged long-range guided missile wea- 
pon system that could be transported, 
aimed and fired as simply as a cannon. 
Within five years, JPL perfected the 
Sergeant, the first of America’s second- 
generation guided ballistic missiles. In 


v= Si 


assisted 

first of our second 
missile 

Tolam ar-lele)a-hiolm’ 


oneer 


January 1958, clusters of small-scale 
Sergeants helped launch America’s first 
earth satellite, the JPL built Explorer, 
which provided vital space environment 
information. 

Now under the direction of the Na- 
tional Aeronautics and Space Adminis- 
tration, the experienced JPL research 
and development team continues to 
apply solid propellant vehicles for space 
exploration. 


CALIFORNIA INSTITUTE OF TECHNOLOGY 


JET PROPULSION 


LABORATORY 


A Research Facility of the National Aeronautics and Space Administration 


OPPORTUNITIES NOW 
OPEN IN THESE FIELDS 


APPLIED MATHEMATICIANS - 
ELECTRONIC, MECHANICAL, CHEMICAL, PROPULSION, INSTRUMENTATION, MICROWAVE, AERONAUTICAL AND STRUCTURAL ENGINEERS 


PASADENA, CALIFORNIA 


PHYSICISTS- 
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Typical Control Functions 
solved by AIR CIRCUITRY 


@ The H-5 RELAYAIR Valve, one of many 
Westinghouse Air Circuitry Components, is 
a pilot operated, directional control valve. It 
may be normally open or normally closed, 
depending upon port connections. 

Various spring settings provide operating 
pressures from 3 to 150 psi. An easily re- 
movable pipe bracket permits removal of 
valve without disturbing pipe connections. 


Envelope size: 7%” x 7%” x 4%” 
Maximum supply pressure 200 psi. 


Typical Applications—In addition to the illustrated 
functions, this highly versatile valve has been 
and can be used in all conceivable types of air 
circuits. Some of these are as follows: cycling 
operations, safety interlocks, low pressure 
alarm signals, emergency cut-off of power, 
emergency brake applications, remote con- 
trol station relays, sequence control timing, 
and many many others. 

If you have a control problem, let us know 
about it. It can probably be solved with Air 
Circuitry. For more information, ask for 
Catalog A5-81.01. 


What is air circuitry? 


This is the Westinghouse term for application 
of pneumatic control systems to industrial 
production operations. Safe, economical, 
precise Air Circuitry is now being used to 
solve the most rigorous and complex control 
problems in industry. Westinghouse Air 
Brake has pioneered the application and de- 
velopment of air control for more than 80 
years. Today our engineers can design an air 
circuit which will help you boost production 
and cut costs in your plant or shop. 


4e-------- 3 


£ - 
e SPRING TO SUIT 


1. RELAY—To increase flow or 
pressure in an air circuit. An air 
signal directed to line “A” overcomes 
a spring opposed diaphragm to con- 
nect line “B” to line “C.” Various 
spring values determine operating 
pressure. 


p----7--< 





“e" 


A 





= - 
“a SPRING TO SUIT 

2. TIME DELAY—To provide auto- 
matic power unloading. Air signal 
pressure in line “A” flows through the 
device to line “C” to perform specified 
operation. A check valve with choke 
and a volume provides a time delay 
by requiring a predetermined pres- 
sure be built up before line “C” is 
vented to atmosphere. 


3. LOCK-UP—To provide a hold-in 
feature. Air signal in line “A” con- 
nects line “B” to line “C.” Air from 
line “C,” through a shuttle valve, 
holds this connection when signal air 
is vented. 


4. CRISSCROSS INTERLOCK — 


To prevent energizing one line be- 


fore another is vented. With lines “A” 


and “B” energized with air pressure, 
line “D” is vented to atmosphere. 
Line “D” cannot be energized until 
line “B” is vented. The converse is 
true when lines “C” and “D” are 
energized. 


‘ i 
7” SPRING TO SUIT 


5.SEQUENCE INTERLOCK—To 
insure one function is performed be- 
fore another is initiated. Line “A” 
must be energized to a predetermined 
pressure before line “B” can pass air 
to the next function. 


See the Yellow Pages under Cylinders for the Name of Your Loca! Distributor 





OR) WESTINGHOUSE AIR BRAKE COMPANY 


INDUSTRIAL PRODUCTS DIVISION, WILMERDING 6, PENNSYLVANIA 
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0 to 370 deg of high-torque rotation. 
Improved cushioning provides smooth, 
controlled deceleration at the end of 
either rotation cycle. Depending on 
bore size and input pressure, output 
torques range from 0 to 15,000 in.-Ib. 
—Carter Controls, Inc., Lansing, III. 


Circle No. 247 on reply card 


COMPONENT 
PARTS 


FEATURES NEW ARM 


A newly designed “unitized” contact 
arm enables this single-turn precision 
pot to operate continuously and re- 
liably at temperatures as high as 225 
deg C. Expansion coefficients of all 
metal and insulating parts have been 
carefully matched to assure efficient 
operation at these elevated tempera- 
tures. Other features include a life of 
5 million cycles (or 2,000 cycles at 
30 g), rotational speeds to 3,500 rpm, 
and linear or function windings.—Kin- 
tronic Div. of Chicago Aerial Indus- 
tries, Franklin Park, II. 


Circle No. 248 on reply card 


OPERATE AT 200 DEG C 


Fourteen new heavy-duty,  stud- 
mounted, diffused silicon rectifiers 
feature an operating temperature 
range of minus 65 to plus 200 deg C. 








You always “Know the score 


Everyone can Count on 
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Yes, your customers are always 
right . . . when there’s no proof to 
the contrary. But when you can 
prove on the record that performance 
is up to guarantee, then there’s no 
further argument. And you can 
give them that record by building 
into your product a Veeder-Root 
Counter as a standard, integral 
part ... to count in any terms or 
units your customers could want. 
This is easy to do... and 
inexpensive, too. Let us figure it 
out for you. Write. 


Veeder-Root! 


High Speed, Quick Reset 
REVOLUTION COUNTER 


This is one of scores of types of counters made by 
Veeder-Root for manual, mechanical and electrical 
counting. This counter runs at speeds up to 

6,000 rpm . . . resets to zero with one flick of the 
lever. Also available with predetermining feature. 


Veeder-Root ... 


Hartford 2, Connecticut 
Hartford, Conn. * Greenville, S.C. * Altoona, Pa. * Chicago 
New York © Los Angeles * San Francisco * Montreal 


Offices.and Agents in Principal Cities 


1959 





electric 
motion 
contro! 
FACTS 
for 
IDEA 
MEN 


Electric brake positions 


reciprocating tool accurately | 


The sketch shows how a Warner electric | 


brake was mounted to a spindle motor on a 


honing machine with the armature keyed to | 


the rotation and reciprocation drive pulleys. 
The problem was 
to stop the tool at 
its uppermost posi- 
tion in the honing 
cycle and eliminate 
possible interfer- 
ence with the work- 
piece during the 
unloading opera- 
tion. Actually, the workpiece drops away 
from the tool, but on deep hole work it 
would be impossible to unload if the tool 


were to stop at random | 
positions or at the bot- | 


tom of its stroke. 
Sometimes the tool 


itself is used to locate | 


the workpiece before 
clamping, as when gen- 
erating a 
with the faces; and then 
the tool is automatically stopped at the bot- 


tom of the stroke. The Warner electric brake | 


eliminates overshooting otherwise caused 
by inertia of the high-speed motor and me- 
chanical drive mechanisms. 


Brake circuit for spindle drive 




















Relay 1 is energized by an auxiliary circuit 
to start spindle through motor starter M. 
Relay 1 contact B opens the electric brake 
power supply, which applies a controlled 
d-c voltage to the coil. The magnet attracts 
the armature which floats on pins mounted 


to the pulley adapter. This puts drag on the | 
spindle. When the tool reaches the desired 


position, switch 1 is open, de-energizing the 
motor. Relay 1 is still energized so the arma- 
ture and magnet lock, stopping the tool 
instantly. 


Send for more IDEAS 
Ask for factual application sheets showing 


how machines are improved by electric | 


brakes and clutches. 

el 
ELECTRIC BRAKES 
AND CLUTCHES 


WARNER 
nd 


Warner Electric Brake & Clutch Co, 
Beloit, Wisconsin 
CIRCLE 114 ON READER-SERVICE CARD 
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| NEW PRODUCTS 


Units are rated at 50 or 30 amps at 
stud temperatures of 150 deg C, offer 
peak inverse voltages of 50 to 600 
volts. Stud configuration simplifies 
mounting on chassis or heat sink.— 
Texas Instruments, Inc., Dallas, Tex. 


Circle No. 249 on reply cond 


PLUG-IN MODULES 


A new line of low-cost transistorized, 
plug-in circuit modules includes bin- 
ary counters, flip-flops, triggers, and 
similar digital circuitry. Pictured is 
the binary-counter circuit, Type PM 
7253, designed to operate on 3 to 
24 volts of either polarity. Plug-in 
units are % in. by 2% in. high —The 
Walkirt Co., Inglewood, Calif. 


Circle No. 250 on reply card 


si. 


NEEDS LESS THAN } WATT 


Photo above shows a new voltage-con- 
trolled subcarrier oscillator that con- 
tains a drift-free, compensated dc am- 
plifier, a free-running multivibrator, 
and a low-pass filter. Completely tran- 
sistorized, this miniature unit is avail- 
able in all IRIG(RDB) frequencies 
and special frequencies to 300 kc. 
Units draw less than 4 watt at 14 or 
28 volts and are supplied with a fre- 
quency-deviation limit, sensitivity and 
output potentiometer, and an output- 
voltage test point.—Vector Mfg. Co., 
Inc., Los Angeles, Calif. 


Circle No. 251 on reply card 
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Shesttosaat ose (approx. I cu. 5 ina & 


Avion Spstem-Standard 


transistor 
servo amplifier 


Now, new dependability is assured in- 
the-system, on-the-job, with this high- 
reliability AVION Servo Amplifier. It 
weighs less than 2 ounces! 

Engineered to new high performance 
levels, the sub-miniature Model 412 fea- 
tures unusual gain stability with temp- 
erature, adjustable high gain and high in- 
put impedance, and requires only 28-v 
d-c excitation. 


Gain: 2500 + 5% with 10-volt 
signal output 


Gain Stability: + 10% of room-temperature 
value over the range from —55° to 
+100° C 

Input Impedance: 20,000 ohms min 
@ 400 cps 

Output: 2.8 watts 

Bandwidth: 100 cps minimum 

Ambient Temperature Range: —55° to 
+100°C 

Primary Power: 28 volts d-c, +-10% or—5% 


WRITE for prices and delivery. 


=. 1On 


FOREMOST IN AVIONICS 


avi AVION DIVISION 
Park Place 
act Paramus 
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JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 





TYPICAL SIGNAL 


eee 


FROM ONE OR ALL OF THESE 


sie OY ae ee 
CONTROLS ANY ONE OF THESE 


] 


STATIC CONTROL 
COMPLICATED? 


DON’T YOU BELIEVE IT! 


An engineering friend of ours work- 
ing on blast furnace controls uses a 
CONTROL switching reactor to take 
signals from a series of limit switches, 
temperature controllers, and relays to 
operate the solenoid which triggers the 
air blast motor. Dollars ahead he was 
when he saw this selective device would 
take signals from many sources, com- 
pile them, remember them, and when 
told to act (by the same standard input 
signals), leap into action. “So simple,” 
he said—“‘nothing but the standard in- 
puts we always use, switching reactor 
and outputs. If that’s static control, 
I’m the new president of the C.S.R* 
Booster Club.” You, too, can beat the 
drum. Write for our catalog about 
Simple Statice Control. 


"CONTROL Switching Reactor 


PUSH, PULL, CLICK, CLICK (or how to feed a switching reactor) 


Persons who hear push-pull-click-click sounds in indus- 
trial plants are not to be suspected of an affinity for the 
razor business. They are listening to the music of push 
buttons, limit switches and relays, all feeding signals 
into CONTROL’S switching reactors (which are en- 
gaged in static control). Our reactor is selective. As 
you dictate, it responds to control voltages which add, 


CLICK, CLICK, PULL, PUSH 


Here is the click-click-pull-push (output) side of the 
CONTROL switching reactor. Not only is it selective as 
to source and combinations of inputs, but it is a real bear 
for working such loads as solenoids, motor contactors 
and magnetic clutches. It shines, too, as a practical way 
of operating the new solid state thyratron from a var- 
iety of input sources. A reactor can control a single load 
up to 300-VA to a fare-thee-well. Loads are statically 


which oppose, or which work in combination, regardless 
of source. What’s more, our reactor can be fed by a 
transducer whose output is electrical—even if it doesn’t 
say “push, pull” or “click, click.” 

If you have an affinity for money-making musical 
sounds, perhaps you'd like to know more about these 
CONTROL switching reactors. Write us. 


(or how a switching reactor feeds you) 


switched with nary a moving part. What’s more, there 
is no auxiliary hardware (transformers, relays or single 
purpose logic units) to clutter the minds and hearts of 
your control engineers and purchasing agents. 

Sizes? A complete range, including 15, 75, 150, and 
800 VA. There’s also one especially for the solid state 
thyratron. Why not write for more details about our 
CONTROL switching reactors. 


3S” ASSES: scacermames 
Sess fc 
nes 


Reliability begins with CONTROL. 


__ fe 


A DIVISION OF MAGNETICS,. INC. 


DEPT. CE-62, BUTLER, PENNSYLVANIA 
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MORE THAN 


3000 
#t125°C 


and still running! 


Axial 

Blower 
Here's a miniature tube axial blower that withstands the 
most rigid MIL specifications! Tests at 125°C and under 
extreme shock and vibration conditions, have exceeded 
3000 hours, with no sign of failure. The motor is EAD's 
rugged, 400-cycle 208-volt induction motor, run at a con- 


stant speed of 7200 rpm. Write for complete information 
on this peak-performance blower assembly, 


€ZD EASTERN AIR DEVICES, INC. 


Subsidiary of Norbute Corporation 
375 CENTRAL AVE., DOVER, NEW HAMPSHIRE 
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ot at stake? 


—™ 


NO. 1140, one of 
4 basic models 
designed to your 
control needs. 


depend on 


dlake 


mercury relays 
elalomore)aiace)ts) 


comenad 


BET | 


bbb 


CATALOG 35-3406 
Adams & Westlake 
Elkhart, Indiana 


i = : SEND FOR FREE 
NL) es 
/ 
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BULLETINS AND 
CATALOGS 


NOTE: This month’s Bulletins & Cata- 
logs section starts with several items for 
which written requests are necessary. Com- 
plete addresses are given for them. 
NEW FILM AVAILABLE. Fisher Gov- 
ernor Co., Marshalltown, Ia. A new 16- 
mm colored film, entitled “Muscles of 
Control”, is available free of charge from 
the Fisher Governor Co. In its running 
time of 25 min, the film shows how con- 
trol valves function and how they are 
engineered. It clearly demonstrates various 
types of power actuators, ranging from 
pneumatic to electrohydraulic. Special 
camera and animation techniques reveal 
what happens within the valve body under 
normal and extreme operating conditions. 
Cavitation, turbulence, and the effects of 
corrosion and erosion are explained. 
Bookings for this noncommercial film 
are now being scheduled for schools, engi- 
neering societies, and other technical 
groups interested in control equipment. 
COMPUTER INSTALLATION. Bendix 
Computer Div., Bendix Aviation Corp., 
5630 Arbor Vitae St., Los Angeles 45, 
Calif. This 20-page paper, entitled “Or- 
ganizational Problems Encountered in Set- 
ting Up a Computer”, was originally pre- 
sented by E. H. King of Alfred Benesch 
& Associates at the Fifth Illinois Structural 
Engineering Conference, University of Illi- 
nois, December 1958. It describes a num- 
ber of solutions to problems that confront 
a civil engineering organization contem- 
plating the use of an electronic computer, 
and concludes with a brief description of 
results experienced by the author’s firm 
with a Bendix G-15 system. 
CIRCUIT TESTING. Electronics Div., 
DIT-MCO, Inc., 911 Broadway, Kansas 
City 5, Mo. This company offers a 64- 
page brochure that describes its system 
testing concept in terms of participating 
test groups, i.e., test planning, test meth- 
ods, production test, quality control, relia- 
bility, etc., all concerned with the testing 
of electrical circuitry. Also contains cri- 
teria for an ideal test system, a suggested 
system flow diagram, and an outline for 
setting up such a system. 
SERVOMOTOR DATA. Helipot Div., 
Beckman Instruments, Inc., 2500 Fuller- 
ton Rd., Fullerton, Calif. Servo-Brief 
1583, an 1l-page booklet, contains some 
useful technical data on the operation and 
application of inertia- and velocity-damped 
servomotors. It compares various forms 
of electromagnetic damping and details 
the characteristics of each type. Transfer 
functions for servomotors and servomotor- 
rate generators are developed to aid sys- 
tems engineers in determining unit damp- 
ing requirements. Lists damping available 
in sizes 11, 15, and 18 servo-motors. 
(300) AUTOMATIC WEIGHING. To- 
ledo Scale Corp. Form 2975a, 8 pp. I 
lustrates equipment for transmitting and 
processing weight data. In the systems 
described, transmitted weights are re- 
corded and processed on adding machines, 
typewriters, or tape punch or card punch 
units, or indicated in numerical form. 
(301) UNIVAC APPLIED. Remington- 





FIELD-PROVED HONEYWELL COMPONENTS 


for measuring, balancing and positioning applications 


CONVERTERS 





ELECTRICAL CHARACTERISTICS 





Part No. 


354210-2 | 


354210-3 | 354210-1 


354210-4 





Modulation Frequency 


20-30 cycles | 40-45 cycles | 50-65 cycles 


50-65 cycles 


360-440 cycles 





Switching Action (SPDT) 


Each contact closed 55% of each cycle 


(Make-before-break) 





(+ 2%) Other actions, as specified 


(Break -before- 


make). Each 

contact closed 

47% of each 
cycle 


Each contact 
closed 579} of 
each oe e 


(+7%) 





Driving Coil Requirements 6.3 v, 60 ma at rai>t frequency 18 v, 94 ma 
at rated 


frequency 








Contact Rating 


100 microwatts at 6 v max.; 1 0 ma max 
Electrostatic Stray Pickup 


2 x 10° volts per ohm of input circuit impedance 2xil0" 
Electromagnetic Stray Less than 2 x 10° volts, constant to within 2 x 10°" 2 x 10° volts 


ickup constant to 
These synchronously driven choppers 2x18 


icine Hs signals on einai ne seen Phase Shift Output voltage lags driving phase by 17° +5° phase by 
Sensitive, stable performance. Avail- » = 

able with special features such as 
fungus proofing, grounded housing, 
mica-filled base, various contact per- 
centages. Weight: 10 oz. Prices from $39. 

















Symmetry 


Within 2% 
Shielding 


Within 7% 
Frame and coil shield, grounded through pin No. 2 


Shell and coi! 
shield, grounded 
through pin 
No. 2 











Load Characteristics 
Vibration Resistance 


Resistive or inductive 
Output voltage varies less than 2% with rates of vibration from 0 to 10g 























MOTORS 


Max. | Pulkin 
Torque 


Min. 
(a.—ia.) 


Continueus 
Torque 
(a —ia.) 


Inter mittent 
Rated Load 
(oz.—in.) 


FE 


Current 
(mm 


Torque 
(oz.—in.) 























Two Phase induction Motor 


4 0.117 
5 


15 
30 





Ssst 
Sato ba bas bem 








Designed for chart drives, servos and 
balancing circuits, these motors are 
available in three general types: Stack 
type, with easily maintained sectional 
housing; self-lubricated, oil-sealed type; 
and fungus-proofed, oil-sealed military 
motors. Prices from $40. 
































SS8ss 
— 








*1/6 less at 50 cycles = tField winding 11.0 watts, balance in amplifier winding 
Note: Some speeds available at 25 cycles 
All motors are available in two phase and synchronous models 








Sensitivity 
(Microvolts) 


4.0 
1.0 


T ' 4 
nput 
Gain P 


P 


(Ohms) 
2,200, 
7,000, 
2,200, 





AMPLIFIERS 





10¢ 
4x 10¢ 
12 x 10¢ 
40 x 10¢ 


400, 
400, 
0.4 400, 
0.1 2,200 


POWER SUPPLY—115 v., 60 cycles (fused power line) 


OUTPUT—2 to 18 ma. into 12,000 ohm load 


SENSITIVITY —Continuously variable screwdriver adjustment. 
setting 


MOUNTING— Operation unaffected by mounting position 


OPTIONAL FEATURES—(a) thermocouple burnout protection, (b) without de- 
sensitizing adjustment, (c) parallel T feedback, (d) velocity damping, (e) special 
connecting cables and plugs, (f) without tubes, shields, and converter, (g) for 25 cycles, 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim Aves., Phila. 44, Pa. 


Honeywell 
HE) iit Cool 


JUNE 

















Recessed slot protects 


They amplify a d-c or a-c microvolt 
input signal sufficiently to drive one 
field of a two-phase balancing motor. 
Three stages of voltage amplification 
are followed by the power-output 
phase discriminator stage, which sup- 
plies power for the motor. Extremely 
low stray pickup . . . adjustable sensi- 
tivity . ‘ . fast response. Priced from 
$110 to $250. 
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Need an original equipment 


VACUUM PUMP? 
See how GAST cuts your costs 


ty 
we 


@ @ 


Above (1) is basic Model 1550 Vacuum ——— 
(one of 13 sizes). For active customers, Gast 
builds this model in dozens of variations. Spe- 
cific needs are met for vacuum, pressure, lubri- 
cation, drive and type of service. 
For example, (2) is equipped for general purpose 
vacuum. (3) provides both vacuum and pressure 
for paper feeding. (4) oil-less model has carbon 
vanes; never needs oil. (5) has new constant 
level oiler for rigorous industrial duty. 
You save because Gast ingenuity and tooling and 
manufacturing efficiency permit high quality at 
production prices. 

WRITE FOR FULL DETAILS—REQUEST CATALOG 
Gast Manufacturing Corp.,P.O.Box 117-I Benton Harbor, Mich. 

a OES eT TEST 
GAST @ Aim MOTORS TO 7 HP. 
@ COMPRESSORS TO 30 P.5.!. 


@ VACUUM PUMPS TO 28 IN. 
“Ale may be your enswer!" 
. aerEe 
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Transfer Many Thermocouples 


With T-E Quick-Coupling Connectors and Panels 


Connector Panels T-E has one for your exact needs. These panels provide flexible, 
centralized control in transferring any number of thermocouples to indicating, multi- 
point recording and controlling pyrometers. Ideal for patch panel use, they are 
available in many compact shapes and sizes — with interchangeable plugs and jacks 
in 1-C, C-C, and C-A. A panel for 48 thermocouples and 16 pyrometers measures only 
134%,” x 7%”. Polarity markings and screw-fastened connections make wiring easy. 
Quick-Coupling Connectors These connectors permit fast, easy making and 
breaking of thermocouple circuits. Durable construction guarantees long, dependable 
usage. Polarized and mechanically interchangeable, all plugs and jacks are of 
standard matched thermocouple materials. Spring-loaded contacts with. long wiping 
surfaces provide firm but easily broken connections. 


Write for Bulletin 23 — B. 


Thermo Electric G.5c 


SADDLE BROOK, NEW JERSEY 
In Canada — THERMO ELECTRIC (Canada) Lid., Brampton, Ont. 


anece ee abecseeeececaccerccsest==———[ie =8\ 
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Bulletins & Catalogs 


Rand Div., Sperry Rand Corp. Brochure, 
12 pp. Tells how Maryland’s largest inde- 
pendent dairy solved the problems of 
daily loading and routing by the use of a 
Univac 60 punched-card electronic com- 
puter. Reviews current benefits and out- 
lines some of the plans for extending the 
system in the future. 

(302) AIRBORNE TAPE SYSTEMS. 
BJ Electronics, Borg-Warner Corp. Five 
bulletins, 2 pp. each. Offer complete 
technical descriptions of a series of rugged, 
miniaturized magnetic-tape recorders de- 
signed for use in rockets, missiles, and 
other airborne applications. 

(303) MASS SPECTROMETER. Con 
solidated Electrodynamics Corp. Bulletin 
1800, 16 pp. Well-illustrated booklet 
covers the operation and application of the 
CEC Type 21-103C mass spectrometer. 
Features include a diagrammed explana- 
tion of working principles, analysis proce- 
dures, and components description. 

(304) POINT SOURCE. Research & 
Advanced Development Div., Avco. Ad- 
vanced Equipment Bulletin No. 10, 2 pp. 
Photo and schematic illustrate this de- 
scription of a packaged light source de- 
signed for recording high-speed phenomena 
with shadowgraph and schlieren systems 
(305) OFFICE AUTOMATION. Rem- 
ington-Rand Div., Sperry Rand Corp. 
Booklet RT 8986, 8 pp. Explains some 
of the advantages and applications of the 
electronic Synchro-Tape typewriter, a 
machine that can create and read paper 
tape and edge-punched cards. 

(306) POWER SUPPLIES. Electronic 
Measurements Co. Bulletin No. 721, 4 
pp. Describes and illustrates an integrated 
series of regulated transistorized power 
supplies. Specification tables cover over 
40 different models. 

(307) ELECTRIC SERVOS. Grand 
Rapids Div., Lear, Inc. Bulletin GR 313, 
4 pp. Brief descriptions accompanied by 
photos and performance curves cover six 
electric servo actuators designed for ap- 
plications in missiles, drones, and high- 
performance manned aircraft. 

(308) FOR TORQUE TESTS. Metron 
Instrument Co. Bulletin, 2 pp. Describes 
this company’s Series 85 Torquemeters for 
measuring dynamic torques from 5 to 250 
oz-in. full-scale on shafts turning from 50 
to 12,000 rpm. 

(309) COMPACT RECORDERS. Va- 
rian Associates. Brochure, 8 pp. Deals 
with the performance and versatility of 
compact strip-chart recorders of the null- 
balance-potentiometer type. Specifications 
and prices cover the basic models as well 
as several optional combinations. 

(310) IR ACCESSORIES. Perkin-Elmer 
Corp. Accessory Data Sheets IR-AC-001- 
57, 002-58, and 003-58, 2 pp. each. 
Sheets describe, in order, a variable-thick- 
ness liquid absorption cell, a 7.5-cm 
small-volume gas cell, and an evacuable 
potassium bromide die, all accessories for 
the company’s line of infrared, spectro- 
photometers. 

(311) SERVOMOTORS. John Oster 
Mfg. Co. Catalog No. 5000, 20 pp. 
Lists and fully describes all basic models in 





MOTOR GENERATORS 


HOLD DOWN OUTPUT NULL TO 0.003 AND 0.006 V. 


Daystrom Transicoil has whittled the null output 
voltages of its Size 9 and 11 Motor Generators down 
to a slim 0.003 and 0.006 respectively. Signal to noise 
ratio gets a big boost up to 120:1 for Size 9 and 100:1 
for Size 11. Linearity is within .25%. A wide range 
of gear ratios can be furnished. 

Complete specifications with drawings and charts 
are yours for the asking. Other types and sizes of 
motor and motor generators are also available. And 
be sure to get complete details on our new synchro 


& 
aay Tron 


TRANSICOIL 


line. Daystrom Transicoil, Division of Daystrom, 
Inc., Worcester, Montgomery County, Pa. Phone: 
JUNO 4-2421. In Canada: Daystrom, Ltd., 840 
Caledonia Rd., Toronto 19, Ont. Foreign: Daystrom 
International Div., 100 Empire St., Newark 12, N.J. 


DIVISION OF DAYSTROM, INC. 


Representatives in Canada and Other Foreign Countries 
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STROMBERG-CARLSON 


a a LOD 
HANDSETS 








. for your voice communication needs. | 


These “push-to-talk” handsets are of | 
the most modern design available. | 

If your applications are in ¢ mo- 
bile radio ¢ intercom systems ¢ car- 
rier and microwave °¢ aircraft and 
railroad — specify Stromberg-Carl- 
son handsets. 

No. 26: short, lightweight, sturdy. 
Comes with capsule-type receiver 
and transmitter. 

No. 28: “push-to-talk” handset. | 
Rocker-bar switch; various spring | 
com’)inations. | 

Loth models available with stand- | 
ard or high-gain transmitters and re- | 
ceivers. Superior to any other hand- | 
set on the market. 





Modern handset cradle 
for mobile or panel use 


ee Holds handset 
fa ‘| firmly; is strong | 
and resilient; fits | 
any Stromberg- | 
Carlson handset. | 
Switch combina- 
tions with two or | 
four Form C con- | 
tacts. Space for your company name | 
is provided. Send for Handset Bul- | 
letin T-5005 and Cradle Bulletin 
T-5013. Write: 


STROMBERG-CARLSON 
A DIVISION OF GENERAL DYNAMICS CORPORATION 
SC 
S 
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Telecommunication Industrial Sales 
112 Carison Rd. * Rochester 3, N.Y. 





Bulletins & Catalogs 


a complete line of precision-made servo- 
motors, sizes 8 to 29, for scientific, mili- 
tary and industrial applications. Technical 
data includes physical, electrical, and me- 
chanical characteristics. 

(312) INSTRUMENT LINE. Electro 
Instruments, Inc. Catalog M190, 16 pp. 
Completely revised catalog covers a line 
of digital voltmeters, ohmmeters, and 
ratiometers, input and — modules, 
X-Y recorders and de amplifiers. Provides 
complete specifications. 

(313) PANEL METERS. The Triplett 
Electrical Instrument Co. Catalog No. 
59-I, 8 pp. Specifications and prices cover 
a line of panel and portable meters. Bul- 
letin also introduces a new line of 4-in. 
Unimeters. 

(314) RECORDING APPLICATIONS. 
Brush Instruments Div., Clevite Corp. 
Bulletin 1100, 16 pp. Identifies and de- 
fines circumstances under which direct- 
writing recording systems provide maxi- 
mum benefit to both military and indus- 
trial users. Covers a broad range of 
oscillographs, special-purpose amplifiers, 
and complete recording systems. 

(315) LEVEL CONTROL. Custom Con- 
trols Mfg. Co. Bulletin, 10 pp. Describes 
the company’s Liquisonic Controller, a 
transistorized ultrasonic device specially 
designed for on-off level or interface con- 
trol. Included are a price schedule and 
15 drawings of typical applications. 

(316) SOLENOID VALVES. Atkomatic 
Valve Co. Catalog 444, 36 pp. Lists over 
200 solenoid valves of bronze and stain- 
less steel construction, a complete line. 
Cutaway drawings identify valve parts 
and illustrate operation. Prices are in- 
cluded to simplify cost estimating. 

(317) DIGITAL INSTRUMENTS. Com- 
uter Measurements Co. 1959 Catalog, 
12 pp. Thirty-two instruments and ac- 
cessories are described, including a new 
transistorized 150-kc  frequency-period 
meter, a new digital voltmeter, and a fast, 
versatile digital printer. 

(318) TEMPERATURE CONTROLS. 
The Partlow Corp. Condensed catalog, 
8 pp. Charts, specifications, and photos 
cover a variety of recording, indicating, 
and nonindicating temperature controls 
and allied equipment for industrial heat- 
ing and refrigerating applications. 

(319) RELAYS AND SWITCHES. 
North Electric Co. Catalog R-522-4, 32 
PP. Provides detailed information on the 
physical and electrical performance of a 
wide variety of relays and switches for 
industrial control systems. Contact forms 
are illustrated in a separate chart. 

(320) PRECISION POTS. DeJur- 
Amsco Corp. Catalog, 28 pp. Offers 
specifications, dimension drawings, and 
general information on a complete line of 
single-turn, wire-wound potentiometers, 
including sine-cosine and trimming types. 
(321) LOAD-FLOW COMPUTING. 
Royal McBee Corp. LGP-30 Application 
Report No. 11, 6 pp. Folder tells how an 
LGP-30 computer is being used to deter- 
mine the load flow in electrical networks 
of up to 100 buses and 270 lines. Illus- 
trations include a load-data sheet, a load- 
flow chart, and a printout-data sheet. 











All Transistor 


Models available: 
1 to 19 channels, 
console, rack, and 
portable assemblies. 


DYNOGRAPH 


A direct-writing oscillograph with 
unmatched features of superior- 
ity! Whatever your application 
for direct-writing recording, the 
Offner Type R All Transistor 
Dynograph will do your job 
better and more easily. Write on 
your letterhead for literature and 
complete specifications. 


Tyee 190 Differential 
DATA AMPLIFIER 


Zero-drift d-c 
amplifier with 
1/100% accu- 
racy. Linearity 
of better than 
0.05%. Gain 
stability of 
0.01%. Ripple of 
less than 0.1%. Infinite rejection of common 
d-c signals. Rapid response to step input. 
Ambient range —67°F to 170°F. Ask for 


Bulletin 572. 
Type 542 Two-Channel 
| DYNOGRAPH 


Rapid response, high sensi- 
tivity, stability, compact con- 
struction, economical price— 
all features that make this 
all transistor, 2 channel unit 

ideal as a test instrument... practical for 
use at every laboratory bench. Ask for 
Bulletin 181. 


OFFNER 
ELECTRONICS 


3904 River Road, Schiller Park, Ill. 
(Suburb of Chicago) 
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TAKE TICKET 


Westinghouse CYPAK control... tickets and tabs 
400,000 cars per year at automatic parking lot 


The Port of New York Authority uses Westinghouse Cypak® 
static control to automatically control the flow of 400,000 cars per 
year at the New York International Airport parking lot. 

From the moment a car pulls up at the entrance, Cypak goes to 
work . . . it automatically and unerringly controls the issuing of 
the parking ticket . . . raises the gate so that the car may pass... 
and keeps a running record of the number of cars passing in and out. 

When accuracy is a must and shutdowns cannot be tolerated, 
chances are Westinghouse Cypak is the answer to your control 
problem. It has no moving parts to weaken or wear . . . it never 
needs to be replaced . . . and it’s not affected by moisture, dust, 
acids or other contaminants. Cypak saves time, gives perfect accu- 
racy and reduces maintenance. Cypak’s versatility lends itself to 
easy circuit changes and modifications. 

Westinghouse Cypak control may be just the “ticket’’ for the 
problem you’re working on right now. A call to your nearby 
Westinghouse sales office brings you all the facts. Or, write to 
Westinghouse Electric Corporation, Director Systems Department, 
356 Collins Avenue, Pittsburgh 6, Pennsylvania. J-01012 


You CAN BE SURE...1F 11's V Vesti nghouse 


WATCH “WESTINGHOUSE LUCILLE BALL-DES! ARNAZ SHOWS ces TV MONDAYS 
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EDIN has met these specs —ARE THEY YOURS? 
@ GAIN: to 100,000 © STABILITY: Down to 
10 ev equivalent input drift/hr. ¢ FREQUENCY 
RESPONSE: DC to 1500 cps 1% @ INPUT 
IMPEDANCE: 2 megohms, for use with wide 
variety of transducers @ REJECTION RATIOS: 
Better than 20,000 to | @ CALIBRATION: In- 
ternal @ PACKAGING: Standard 19” rack- 
panel or portable case 


€din YY 


a 





Edin’s new line of maximum stability os- 
cillograph amplifiers provides precise am- 
plification of signals over an extremely 
wide measurement-level spectrum. 

Whether you want to measure a brain- 
wave or the crushing force of a 20-ton 
press. . . the efficiency parameters of 
an air gage or a welding machine, one of 
the B-Series special purpose amplifiers 
will handle the job to perfection. 

Write now for complete technical data 
on the entire line .of Edin Oscillograph 
Recording Instrumentation. 


A DIVISION OF EPSCO, INCORPORATED « 588 Commonwealth Avenue, Boston 15, Mass. 
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Installed between a pressure source 

and a sensitive instrument, IEC’s 

Gage Gard will 

@ CUT OFF, preventing pressure 
increase at gauvge or manometer 
whenever pressure exceeds the 
cut-off point. Models are avail- 
able with cut-off ranges from 
20” water to 9000 PSIG.* 

@ HOLD CLOSED up to 10,000 PSIG, 
regardless of cut-off setting. 

@ REOPEN when pressure drops to 
2% below cut-off point. 

@ REPEAT within 1% of scale. 

Cut-off pressure may be factory-set 

and sealed if you wish. You can 

adjust and reset at any time, however. 


Both aluminum and stainless steel 
bodies are available in all models. 





Prevent pressure damage 
with the IEC 


INDUSTRIAL ENGINEERING 
CORPORATION 


526 E. Woodbine, Louisville 8, Kentucky 


Write for Bulletin 546G for com- 
plete details and prices. 


*For low-pressure protection — 
down to minus 15 PSIG—ask about 
the Gage Gard Jr. (Bulletin 547G.) 





Designers, engineers, and manufacturers of 
hydraulic and electronic test equipment, consoles, panels, etc. 
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| WHATS NEW 


IMPORTANT MOVES 
BY KEY PEOPLE 


A. R. Putnam Elected by 
American Metals Society 


American Society for Metals has 
elected Allan Ray Putnam to the new 
post of managing director. Not in 
title, but perhaps very much in duties, 
Putnam succeeds William H. Eisen- 
man, a founder of the society, who 
died last year (CtE, Aug. ’58, p. 48) 
after serving as national secretary and 
executive head for 40 years. Putnam 
comes to the Cleveland group from 
Detroit, where he had been assistant 
executive secretary of the American 
Society of Too] Engineers. His ap- 
pointment coincides with prepara- 
tions by ASM for its move into a new 
headquarters building near Cleveland. 


Don Eckman to Receive 
ASME. Instrumentation Award 


Donald P. Eckman, pioneer control 
engineer and professor of mechanical 
engineering at Case Institute, has been 
chosen -by ASME to receive its an- 
nual award for outstanding work in 
the field of instrumentation. Eckman 
is an international authority on in- 
strumentation and control, heads 
Case’s research programs in these areas. 
He is a prolific author (Principals of 
Industrial Process Control, 1945; In- 
dustrial Instrumentation, 1950; more 
than 30 papers) and is active in socie- 
ties, too (secretary of ASME’s IRD in 
1949, chairman of the Education 
Committee of the American Society 
of Engineering Education, 1949-51). 

Eckman was the subject of a CtE 
Personality sketch when this magazine 
was also doing some pioneering (CtE, 
Aug. °55, p. 11). 


Sommer to Be Chief 
of the ABA Arma Div. 


Arthur V. Sommer, manager of 
American Bosch Arma’s Chicago Div., 
will become chief engineer of the Arma 
Div when he graduates this month 
from MIT, where he has been study- 
ing under an Alfred P. Sloan year-long 
fellowship. Merritt C. Chandler, act- 
ing manager of the Chicago Div., will 
become manager in fact, and Ernest 
A. Goetz, who has been chief engineer 
of the Arma Div. as well as technical 
assistant to the president, will give full 
time to his corporate duties. 

Sommer joined ABA in 1940, was 





ELECTRONICS CORPORATION 


major advance in miniaturization: 


SUPRAMICA’ 555 
commutator plates 


My 
Ny, 


WNL, 
HELLY, 


360 rectangular contact 
2-pole commutator plate of 


SUPRAMICA 555 ceramoplastic 


on a 3 inch precision-molded plate 


...Up to 540 rectangular contacts! 


Since 1948 . . . when Mycalex Electronics Corporation pioneered the first precision- 
molded MYCALEX® 410 glass-bonded mica, 180-contact commutator plate . . . 
MYCALEX switches have introduced a degree of accuracy and dependability 
never before approached in mechanical switching. 

And now, Mycalex offers a new ceramoplastic commutator plate design destined to 
set even higher standards for long-life, low-noise-level multiplexing. 

Typical of these new plates is the CP 427. Its specifications call for precision-molded 
SUPRAMICA 555 ceramoplastic which delivers total dimensional stability as well 
as superb thermal endurance (700°F.). The individual contacts of this plate have an 
exclusive rectangular form and embody tolerances within the .0005” range. They are 
permanently fixed in place. 

An exclusive brush-holder design permits /ower pressures on the wipers . . . gives 
lower contact resistance with a noise level of less than 10 microvolts. Brush bounce 
is eliminated and life greatly extended. MYCALEX switches using this type of design 
have been tested satisfactorily for over 1000 hours at 600 RPM without maintenance. 

Information on complete MYCALEX switches or matched brush assemblies and 
plates is available. 


General Offices and Plant: 127-D Clifton Blvd., Clifton, N. J. 
Executive Offices: 30 Rockefeller Plaza, New York 20, N.Y. 


EXCLUSIVE LICENSEE OF MYCALEX CORPORATION OF AMERICA 
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WHATS NEW | 


assistant head of gyroscopic R&D at 
the time of his transfer to the Chicago 
Div. in 1956. 


Taller & Cooper Appoints 
Beach General Manager 





John C. Beach, a chemist by train- 
ing but equally at home in the mass 
production of electronic computers, 
has been named vice-president and 
general manager of Taller & Cooper, 
Inc., maker of data-processing equip- 
ment, toll collection devices, punch- 
card and tape handling equipment, 


printers, etc. Beach has held produc- 
[ low Dilgt Pressure Actuation tion management jobs with the Rem- 
ington-Rand Div. of Sperry Rand 
Wl Verse Diaphragm Valves ¢ con & bo cena ty sant pilot (or signal) Corp. and Hall-Scott, Inc. 
as low as 10 PSI on standard spring return , moder 
Versa Diaphragm Valves are available with side port 


pA Ad re ye mouse. gba 4 | ae ee neha te This Year’s SAMA Award 
seuum to '500 PSIG, “ to Taylor’s L. B. Swift 


partial vacuum to 500 PS 
All Versa Valves are triple Brie and 4 senctionaly tested 

CREE WERE ar GUSTEENESS SOE Lewis B. Swift, 74-year-old chair- 

an man of the board of Taylor Instru- 

VERSA * Write Today for ment Cos., holds this year’s SAMA 

3 bulletin 259 award for high accomplishment in the 

VERSA PRODUCTS COMPANY INC. scientific instrument industry. Swift 

eae SCHOLES STREET joined Taylor in 1904, became presi- 

BROOKLYN 6, WN. V. dent in 1938. Besides his engineering 
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society and civic affairs, continues to 


MINIATURE PHOTOELECTRIC SCANNERS ro rr 


Provide for beam-interruption by 1/32 object Doig Now Chief Engineer 
Ret. 2 ee “ of NCR Electronics Div. 


Alfred Doig Jr. has been appointed 
chief engineer of The National Cash 
Register Co.’s Electronics Div. This 
gives Doig complete technical and 
administrative responsibility for all 
military and commercial engineering 
activities in the division. 

















Other Important Moves 


Alden H. Ryan, who has been man- 
ager of microwave techniques in GE’s 


: bis Microwave Laboratory in Palo Alto, 
This exceptionally small, _ precise sensing p ares assures ¢ 


ultra-precise limit E, and edge control; Calif., has been named overall man- 
actuates controls in pr ti or inspecti lines. ager, succeeding J. W. Nelson, the 
FEATURES: 


h mpany’s X-ra 
@ Operated by direct beam, or by reflected beam when heads new head of the co pany y 


are mounted side by side in special installations. Dept. Ryan joined the laboratory in 
@ Dark or — energizing; response to beam-interruption of 1956 
less than millisecond with adjustable relay hold-in time; , 


delayed relay response adjustable to 1 second; direct relay Collins Radio Co. has appointed 
operation provided by 3 types of relays. 


@ Cadmium-selenide photocell gives short-span, moderate-speed Robert W. Landee director of R&D 
operation; adding an electronic relay increases distance to 6 for airborne data communication in 
feet. Lead-sulphide cell with electronic relay gives high-speed . Pe 4 . 
operation, sharp resolution. the Western Div. in Burbank, Calif. 

@ Heads have provision for panel mounting, rear-of-housing at- : om iote (Tec 
tachment, or conduit mounting with 14” pipe thread. He formerly was assistant director. 


@ Life of light source in excess of 5000 hours. :. = Mallory & Co., Inc., has 


amed M. Hall chief engi 
FA R Hi : R E L E C ! - '¢ of the geen Meacel Bet.” Be 
data sheet. | joined Mallory in 1956. 
Ra NEWTON LOWER Sats. aay Donald Erle, formerly chief engi- 
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Opportunities in 


Engineering Analysis 


at Atomics International 


A fast-growing backlog of major projects is creating future- 
assured openings for qualified nuclear scientists and engineers at 
Atomics International headquarters in the suburban San Fernando 
Valley near Los Angeles. AI is now developing a Sodium Reactor 
power station for Consumers Public Power District of Nebraska 
and an advanced type of power reactor for a group of fifteen utility 
companies in the Southwest. Overseas, five AI research reactors 
are in operation or under construction—and AI’s Organic Moder- 
ated Reactor is one of the three power reactor concepts the Atomic 
Energy Commission has approved for export to Euratom. 


Here are some typical current openings: 


Reactor Engineering. Analysis and design of over-all power reactor 
systems and components. Prefer power reactor background in 
engineering design and analysis. Experience in reactor safeguard 
analysis also valuable. 


Core Analysis. Complete nuclear analysis to include criticality, flux 
distribution, and reactivity requirements. Fuel cycle economics 
and optimization. 


Shielding. Analysis and design of biological and thermal shielding 
of large stationary power plants. Advanced studies and methods 
analysis for compact and mobile power plants. 


Heat Transfer and Fluid Flow. Steady state and transient experi- 
mentation and analysis. Power optimization studies; free and 
forced convection flow transients; boiling and two phase flow in 
water, organic and liquid metal systems. 


Structures. Transient and steady state stress analysis of reactor 
components subjected to mechanical loads, thermal cycling, and 
thermal shock. Advanced analytical studies in thermal stress 
fatigue, elastic and inelastic behavior of plates and shells, struc- 
tural dynamics, and electronic analog and digital computer 
application. 


Control. Over-all power plant control including reactor kinetics 
and systems simulation. Experience valuable in plant protection 
systems, radiation monitoring, and control systems. 


Write today for more details about exciting career 
opportunities: Mr.G.F. Newton, Personnel Office, 


Atomics International, 21600 Vanowen Street, 
Canoga Park, California. 


ATOMICS INTERNATIONAL Ge? 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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i WHATS NEW 


neer for Hydrodyne Corp., and before 
that a 17-year man with Bendix Avia- 
tion, is the new supervisor of fluid 
controls in Dalmo Victor Co.’s Hy- 
draulics Div. 

George E. Pihl, who taught elec- 
trical engineering at Northeastern 
University, Boston, for 15 years be- 
fore joining Technology Instrument 
Corp. in 1953, has been named vice- 
president for engineering of TIC and 
all its subsidiaries. He has been presi- 
dent of the subsidiary Acton bibder 
tories since 1958. 

As the new senior engineer in the 
Electronic Engineering Dept. of Mag- 
naflux Corp., Fred A. Meunier will be 
responsible for development of mag- 
netic and eddy-current testing instru- 
ments for steel tubes and bars. He 


| comes to Magnaflux from Republic 


Steel Corp., where most recently he 
was project engineer in the Electro- 
Mechanical Research Center. 

The new Rheem Semiconductor 
Corp. (CtE, May, p. 187) has taken 
on L. B. Valdes as director of research. 
A major contributor to the transistor 
field, Valdes developed one of the 
first and most successful point-contact 
transistors and helped in the construc- 
tion of the first silicon junction tran- 
sistor. Author of the forthcoming 
McGraw-Hill book, The Physical 
Theory of Transistors, he was most 
recently with GE’s Microwave Labora- 
tory in Palo Alto, Calif., working on 
ferrite devices and microwave tubes. 

Louis A. Payne, formerly senior dy- 
namics group engineer with Convair- 
San Diego, has joined Lear, Inc., as 
manager of the Engineering Div. in 
the Astronics Div. At Convair, Payne 
was in charge of flight control system 
analysis, synthesis, lab development, 
and flight test development for the 
F-102, F-106, and other aircraft. 

Edward O. Johnson is the new man- 
ager of high-temperature product de- 
velopment in RCA’s Semiconductor 
& Materials Div. in Somerville, N. J. 
He will be responsible for progress at 
both the Somerville plant and the 
RCA Laboratories in Princeton, N. J., 
will report to D. H. Wamsley, man- 
ager, semiconductor engineering. 
Johnson joined RCA Labs in 1948. 

Jack C. Hoagland, formerly execu- 
tive engineer in Lockheed’s Missile 
Systems Div., has been named director 
of engineering for Daystrom Pacific. 


Hoagland has been in aircraft and mis- | 
siles for 20 years; at various times he | 
was chief engineer of Instrument Sys- | 
tems Corp., a research specialist with | 

and an || 
officer for the Bureau of Ordnance. 


North American Aviation, 








DIGITAL COMPUTER 
PRIMER 


Just Published—Gives a concise explanation 
of modern digital computers, describing how 
they work, what they can do, and their im- 
portant mathematical, engineering, elec- 
tronic, and accounting ge All topics 
discussed in non-specialist’s 

language, and the coverage of 

computer logic takes an in- 

tuitive, non-mathematical ap- 

proach. By E. M. McCormick, 

Head, Data Assessment Div., 

U. 8S. Naval Ordnance Lab., 

Corona, Calif. 205 pp., 63 illus., 

$7. 





LOGICAL DESIGN 
OF ELECTRICAL 
CIRCUITS 


Thorough, systematic treatment of Boolean 
methods for analyzing relay, diode, and 
vacuum tube circuits—particularly as used 
in the design of automation systems, com- 
puters, telephone dialing systems, etc. Uses 
only simple mathematics and basic electrical 
laws. Combination circuits (steady state) 
and sequential circuits are covered, and 
many examples of design are given. By 
R. A. Higonnet, Photon, Inc.; and R. A. 
Grea, Lumitype-Photon Co., Paris. 194 pp., 
over 300 illus., $10.00. 





PROGRAMMING FOR 
DIGITAL COMPUTERS 


Just Published—A step-by-step approach to 

the preparation of problems for stored-pro- 

gram calculators. Covers everything from 

the general organization of a calculator to 
problem planning and the use 
of “languages” in instructing 
the computer. Uses a simple, 
standardized ‘“‘building block”’ 
technique that can be 
adapted to any machine and 
any problem. By Jd. Jeenel, 
Columbia Univ. 517 pp., 6 x 9, 
illus., $12.00. 





INDUSTRIAL 
ELECTRONICS 
HANDBOOK 


Over 100 specialists from 

more than a score of com- 
panies and research centers bring you 
expert aid on all phases of industrial elec- 
tronics and control. Covers the best in to- 
day’s electronic practice—from Geiger 
counters to multiphase power rectifiers, in- 
cluding electronic switches, control, automa- 
tion, computers, and process control. 
Stresses applications and the user’s needs. 
Edited by W. D. Cockrell, General Electric 
Co. 1408 pp., 969 illus., $22.50. 





FREE EXAMINATION ~ 
COUPON 








McGraw-Hill Book Co., Dept. CON-6 
327 W. 4ist St., New York 36, N. Y. 


Send me book(s) checked below for 10 days’ exami- 
nation on approval. In 10 days I will remit for 
book(s) I keep plus few cents for delivery costs, and 
return unwanted book(s) postpaid. (We pay delivery 
costs if you remit with this coupon—same return 
privilege. ) 

© MeCormick—Digital Computer Primer, $7.50 
© Higonnet & Grea—Log. Des. Elec. Circ., $10.00 
( Jeenel—Programming for Digit. Comp., $12.00 
0 Cockrell—tndustrial Electronics Hdbk., $22.50 


(PRINT) 


Position 
For price and terms outside U.S. 
write McGraw-Hill Int’l., N.Y.C. CON-6 l 
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SEVEN GIANT STEPS FORWARD 


in practical process control 


Filling the void in practical process control, Genesys Designed and built for industrial and business 


now offers reliable, economical computer control applications, Genesys Control Computer Sys- 
tems provide many exclusive advantages at 


systems specifically developed for your requirements. lowed birt Compare Caleae 


The unique Genesys systems approach provides long 
needed user benefits at reasonable cost. No precise 
knowledge of process dynamics is necessary — process 
operation is optimized through adaptive control 
methods. Designed from inception as a process control 
computer, the Genesys System features extreme 
reliability and simplicity of operation through 
advanced logical design. Find out how Genesys takes 
seven giant steps forward in refinery and pipeline 


automation. Write for “Evolution in Process Control.” 


G EN rE. $¥S COR PORATION 10131 NATIONAL BLVD... LOS ANGELES 34. CALIFORNIA 


: bo cmance 
A Subsidiary of Scout AIACRAFT 





RELIABILITY... 
THE SOLUTION 
TO YOUR 
ELECTRONIC 
COMPONENT 
PROBLEMS 


Designing reliability into 
electronic components and 
instrumentation is Borg 
Equipment Division’s business. 
Borg’s reliable engineering, 
research and production 
facilities are at your service 
for commercial or military 
projects. Bring your component 
reliability problems to Borg. 
You'll enjoy working with 
our cooperative, creative 
engineering staff. The result 
will be a sound, practical 
and reliable solution at 

a considerable saving of time 
and money. Here are just 

a few of the products 
manufactured by Borg... 


@ FREQUENCY STANDARDS 

@® AIRCRAFT INSTRUMENTS 
@® POTENTIOMETERS 

@ MULTI-TURN COUNTING DIALS 
@® FRACTIONAL H.P. MOTORS 
@ SPECIAL DESIGNS 


WRITE FOR COMPLETE ENGINEERING DATA 


@ 


BORG EQUIPMENT DIVISION 
Amphenol-Borg Electronics Corporation 
JANESVILLE, WISCONSIN 
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ABSTRACTS 





An Interesting Proposal 


From “The Combi-System, A Pro- 
posal for New Concepts in Digital 
Data Processing” by Helmut 
Schwab, Consolidated Electrody- 
namics Corp. Paper presented at 
the Third National Conference on 
Analog and Digital Instrumentation, 
Philadelphia, April 20-21, 1959. 


When the emphasis on digital data 
processing equipment shifted from 
scientific to commercial applications, 
volume of operation in many cases 
became more important than mathe- 
matical complexity. This led to the 
development of data handling systems. 
One approach today is to use larger 
general-purpose digital computers for 
handling both scientific computations 
and large volumes of data for which 
no computation at all is required. This 
paper proposes a new, and far more 
economical, approach, based on funda- 
mental data-handling functions. 

The whole field of digital data proc- 
essing may be divided into four main 
areas: data acquisition, data handling, 
data evaluation, and data display. 
Briefly, data acquisition deals with 
telemetering and  analog-to-digital 
equipment; data evaluation, with com- 
puters and arithmetic units; data dis- 
play, with plotters, printers, and other 
forms of display equipment. Data 
handling differs from all of these. 
Six fundamental data-handling func- 
tions are: selection, comparing, switch- 
ing, memory, control, and translation. 
None of these involves mathematical 
operations. In each case, the output 
data contains the same information as 
the input data. 

This logical division of data-han- 
dling functions suggests the use of 
symbols for their representation. Just 
as mathematics uses symbols for add, 
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subtract, multiply, and divide, and 
just as circuit logic theory is based on 
the five functions of AND, OR, NOT, 
memory, and time, so, too, may sym- 
bols be used to represent the basic 
data-handling functions. Figure 1 
shows six block diagram symbols for 
the proposed system. A typical appli- 
cation of the symbols is shown in 
Figure 2. This schematic represents 
a detail of a larger system—the readout 
of data blocks from a magnetic drum 
system to an electromechanical printer 
as interrogated by an external nonsyn- 
chronous data source. 

The interrogating block address is 
held by the memory-function B. The 
selector-function S, controlled by the 
drum clock, serves as the drum-ad- 
dress selector. Comparator-function 
C compares the outputs of B and S. 
In case of a coincidence, the translator- 
function X is actuated. Switch-func- 
tion G permits connection of several 
drum systems to be connected to the 
same printer. Light and heavy lines 
indicate command flow and data flow, 
respectively. 

Other symbols provide an algebraic 
approach. Just as the block diagram 
symbols facilitate the drawing of data- 
flow diagrams, so the algebraic symbols 
facilitate the writing of data-handling 
equations or, at least, shorthand nota- 
tion of specific operations. 

Hardware, too, has been developed 
to apply the above theory. This physi- 
cal system has been termed the “Com- 
bi-System” and provides a family of 
standard building blocks for each 
fundamental data-handling function. 
These blocks are called “‘submodules’’ 
and fall, functionally, between stand- 
ard circuits (printed cards) and com- 
plete operational units (such as mem- 
ory and arithmetic units). Physically, 
each submodule can accommodate 





eight printed cards. This appears to 
be an adequate size for the data-han- 
dling functions already investigated. 


World Petroleum Congress 


Five verbatim abstracts of signifi- 
cant papers on instrumentation and 
control prepared for the Fifth World 
Petroleum Congress, scheduled May 
30-June 5 in New York City. 


Well Logging 


From “Review of the Progress of 
Well Logging Since the Fourth 
World Petroleum Congress” by H. 
G. Doll, Maurice Martin, and M. P. 
Tixier, Section I—Paper 35. 


Important research and develop- 
ment work has been carried out during 
the past four years in all branches of 
well logging, and much progress has 
been achieved. 

1. The Induction-Electrical Log (a 
combination of SP, 16 in. Normal and 
5FF40 Induction Log) has been in- 
troduced as a commercial tool for log- 
ging in fresh mud. 

The present standard Induction 
Log is being improved to permit 
deeper radial investigation. The Lat- 
erolog has been remodeled to be run 
simultaneously with the Induction 
Log. The Proximity Log, a new tool 
for recording the resistivity of forma- 
tions close to the wall of the hole, has 
been designed. 

2. The interpretation of the Elec- 
trical Log has been refined by means 
of mathematical and laboratory stud- 
ies and field log analyses. 

3. The methods of Gamma Ray and 
Neutron Logging have been improved 
by the development of better tools, 
and by the use of more accurate cali- 
bration procedures and of interpreta- 
tion charts based on laboratory deter- 
minations. 

A new tool, the Density (Gamma- 
Gamma) Log, has proved promising 
for the evaluation of porosity. 

4. The Short Interval Sound Ve- 
locity Log has become a standard tool. 
It has proved its outstanding value 
for correlation, for porosity determina- 
tions, and for the interpretation of 
seismic surveys. 

5. Combination tools, whereby two 
or more operations can be performed 
in one single run in the hole, have 
been made available: Induction-Elec- 
trical Log; combination of Sonic Log 
and Gamma-Ray or SP logs; combina- 
tion of Laterolog, Gamma Ray and 
Neutron Log; Gamma Ray-Perforator. 

6. Progress in mud logging has been 
marked by improvements of the hot- 
wire technique, and the use of mass 
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Printed 
Circuit 


Terminal MICROPOTS 


Actual Sizes 


Insulated 


proven Wire Leads 
performance 


for subminiature circuits 


Midget sized potentiometers for king sized jobs . . . 
that’s Borg 990 Series Trimming Micropots. Sealed 
construction . . . all metallic parts are corrosion resistant. 
Three types of terminals. . . printed circuit, solder lugs 
and insulated wire leads make for easy assembly into 

any circuit. A screw driver adjusts throughout complete range 
in forty turns. Contact carrier assembly drive prevents 
damage when either end of linear excursion is reached. 
Wide range of resistance values . . . 10 to 30,000 ohms. 
Other values on special order. Borg Trimming Micropots 
can be mounted individually or stacked giving you 

the greatest possible latitude. Let us send you 

further information on Borg 990 Series Trimming 
Micropots and the name of your nearest 

Borg “Tech-Rep” today! 


BORG EQUIPMENT DIVISION 
AMPHENOL-BORG ELECTRONICS CORPORATION . 
MICROPOTS 
JANESVILLE, WISCONSIN MICRODIALS 
MOTORS 
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THREE NEW MINIATURES 
ADDED TO BENDIX 
GYRO TRANSMITTER FAMILY 


VERTICAL GYRO 
___ TRANSMITTERS 


3%” x 5” without mount 
-+» “° vertical accuracy 





FREE GYRO 
TRANSMITTERS 
—>> 


4” x 5"... drift less than 
Y%° per minute on either axis 


f 


DIRECTIONAL GYRO 
___ TRANSMITTERS 


3%” x 4%" without 
mount...6° drift per hour max. 





SOME ADVANTAGES TO YOU 
%& Integral mount with torsion cable suspension on Directional and Vertical 
Gyro Transmitters protects against shock and vibration. 
% Gyros are completely self-contained, requiring no erection amplifier. 


%& Our mass production facilities make gyros available to you at volume 
prices and on fast delivery schedules. 


% If our standard units don't match your needs exactly, we will design 
special gyros that will—and still give you the benefit of mass production 
without sacrifice of quality. 


Eclipse-Pioneer Division 


Teterboro, N, J. 
District Offices: Burbank and San Francisco, Calif.; 
Seattle, Wash.; Dayton, Ohio; and Washington, 
Dd. Cc. Export Sales & Service: Bendix international 
Division, 205 E. 42nd St., New York 17, N. Y. 


“FOR PRECISION 
COMPONENTS THAT DO 
THE JOB BETTER—TRY THE 


BENDIX 
UPERMARKET 


‘ > = 
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ABSTRACTS _ 


spectrometry, infrared spectrometry, 
and gas chromatography. 

7. Widespread application has been 
made of the Formation Tester, a new 
tool operating on logging cable for 
the recovery of formation fluids from 
the wall of the hole. 

8. Attempts have been made to use 
electronic computers as an aid in the 
interpretation of log data. 


Automatic well-lease contro! 


From “Automatic Production Con- 
trol” by W. R. Scrimes, Section 
II—Paper 13. 


During the past six years, producing 
companies in Western Canada have 
been seeking to utilize automatic 
production control techniques for two 
main reasons. First, these techniques 
promise to overcome the difficulties of 
operating under prevailing geographic 
and climatic conditions and govern- 
ment-imposed regulations resulting 
from the method of prorating produc- 
tion. Secondly, their use offers sub- 
stantial savings. 

An initial installation in 1954 on a 
conventional lease tank farm or bat- 
tery proved a practical success with 
the addition of a positive displace- 
ment fluid meter to measure crude 
production. As this system could be 
used only on leases producing water- 
free oil, full automatic production 
control had to await the development 
of a suitable water-monitor to record 
BS & W. 

In 1956, after rather disappointing 
trials with the BS & W_ monitors 
then available, the Imperial Pipe Line 
Co. combined with Jersey Production 
Research Co. in a joint research pro- 
gram which finally produced an ac- 
ceptable instrument. This instrument 
went into lease operation early in 
1958. With a positive displacement 
fluid meter to determine test produc- 
tion as well, and an automatic sampler 
to permit sampling while tests are 
being run, automatic production con- 
trol became economically feasible. 

Utilizing automatic production con- 
trol effectively has required the clos- 
est cooperation between the prodycer 
and the pipeliner and has resulted in 
the development of certain systems 
which are described and illustrated. 
These include an automatic battery, 
a satellite battery, and a modified 
satellite battery made possible by 
Imperial’s development of a compact 
well-tester. 

In addition to its technological ad- 
vantages, automatic production control 
offers many economic incentives, such 
as substantial reductions in lease equip- 





ment, reduced manpower (in propor- 
tion to productivity), and lower oil 
losses. Also, reduced pipeline costs 
will be reflected in better tariffs and 
services. Increased safety and _pre- 
cision are further considerations. 


Counter-current chromatography 


From “Continuous Separation of 
Multicomponent Mixtures by Gas 
Chromatography” by W. Kuhn, 
A. Narten, and M. Thurkauf, Sec- 
tion V—Paper 5. 


The authors describe a procedure 
and an apparatus for continuously 
separating a multicomponent mixture 
of volatile substances. It is based on 
a difference of the partition coefficient 
of the substances contained in the 
mixture between the gaseous phase 
and a liquid nonvolatile solvent. The 
procedure differs from the known 
gas-chromatography in two main 
points: (1) the gaseous and the liquid 
phase move in a counter-current sys- 
tem, and (2) a temperature gradient 
is maintained along the column. Due 
to an existing temperature dependence 
of the partition coefficient, there is a 
specific place where a given compon- 
ent of the mixture will accumulate 
and from which it can be extracted 
individually and continuously. Form- 
ulae are given by which the sharpness 
of the spatial concentration of a given 
component is described as a function 
of the operative conditions of the 
column, and the relevant properties of 
the substance are given. 

An apparatus used for a continuous 
separation of a mixture of equal parts 
of propionic, butvric and n-valeric acid 
is described; the gaseous phase con- 
sisted of nitrogen, the liquid solvent 
of paraffin oil containing 10 percent 
of stearic acid. The purity of the 
individual components extracted was 
95 percent. 


Columns control 


From “Dynamics and Control of 
Continuous Distillation Columns” 
by O. Rademaker and ]. E. Rijns- 
dorp, Section VII—Paper 5. 


A survey is given of five years’ sys- 
tematic work on column dynamics and 
control in the research centers of the 
Royal Dutch/Shell Group at Delft and 
Amsterdam. 

First, the principal problems en- 
countered and the various studies made 
to solve them are briefly discussed. 
Then a method of classifving the 
numerous control systems is illustrated 
by its application to the most common 
tvpe of column. Finally, the methods 
of investigating the quasi-static and 
dynamic behavior of distillation col- 


umns, both without and with control, 
are described in some detail. Special 
emphasis is placed on the basic equa- 
tions and on a method of simulating 
column dynamics by means of an 
electrical model. Throughout the 
paper, first principles and new meth- 
ods are stressed, rather than the vast 
amount of experimental, theoretical, 
and numerical work involved. 


Using p-d meters 


From “Custody Transfer by Dis- 
placement Meters” by L. S. 
Wrightsman, Section VIII—Paper 
18. 


The positive displacement meter is 
now being widely used as a measuring 
device in all branches of the petrol- 
eum industry because of the strong 
economic incentive it creates. 

The terms “custody transfer” and 
“positive displacement meter” are de- 
fined, and many of the uses of positive 
displacement meters for custody trans- 
fer measurement, particularly in the 
pipe line industry, are illustrated. 

Discussion of the various advantages 
of using positive displacement meters 
in measuring runs from a producer's 
lease tank into a pipeline gathering 
system indicates the desirable and 
practical aspects of this type of meas- 
uring device. Experience gained in a 
test comparing meter measurement to 
manual gaging, over an extended 
period of time, is the basis for the 
author’s conclusion that positive dis- 
placement meters are equally as accu- 
rate and in some cases, more accurate 
than conventional gaging procedures. 

The use of positive displacement 
meters in crude oil pipeline operations 
and custody transfer measurements 
between different pipelines is briefly 
discussed. The uses and advantages of 
custody transfer crude oil deliveries 
from pipelines to refineries are de- 
scribed in considerable detail. So are 
new practices in the application of 
automation to meter-proving proce- 
dures. 

The use of positive displacement 
meters to measure cargoes loaded 
aboard barges and tankers is given 
only brief mention because at this 
time the author has no knowledge of 
any such major application to tanker 
loading. Indications are that a great 
potential exists for this method. 

Two leading trade associations in 
the United States have recognized the 
positive displacement meter and have 
published standards covering its appli- 
cation in the custody measurement of 
petroleum hydrocarbons. International 
acceptance of these standards is very 
desirable, and it is hoped that such 
recognition may be achieved soon. 





P.S. and don’t forget these 
other quality products at the 


BENDIX 
“SUPERMARKET” 


With our greater variety and 
greater volume of the precision 
components listed below, we 
have become the “supermarket” 
of the industry. We feature fast 
delivery and mass-production 
economy—plus the highest pre- 
cision quality. 


400-CYCLE SYNCHROS 
(Frame sizes: 8, 10, 11, 15, 22) 


Control Transformers « Differ- 
entials « Receivers « Resolvers 
e Transmitters 


MOTORS AND GENERATORS 
Gear Head Motors and Motor 
Generators « Low-Inertia Servo 
Motors « Motor Generators + Pre- 
cision Induction Tachometer 
Generators « Rate Generators 


PACKAGED COMPONENTS 
Analog-Digital Converters « 
Azimuth Counters « Cam Com- 
pensators « Clutched Synchros « 
Dual-Speed Synchros « External 
Slip-Ring Synchros « Follow-Up 
Mechanisms « Miniature Dif- 
ferential Gear Assemblies « 
Servo Assemblies 


RADAR DEVICES 
Airborne Radar Antennae « 
Ground Antenna Pedestals 


YeB\BS 


You Can't Beat The Bendix 
“Supermarket”. Try us. 


Eclipse-Pioneer Division 


JUNE 1959 


CIRCLE 135 ON READER-SERVICE CARD 





ADVANCED 

DIGITAL TECHNIQUES, 
COMPUTERS AND 
CONTROL SYSTEMS 


* AIRBORNE DIGITAL EQUIPMENT 

a NUMERICAL MACHINE CONTROL 

> HYBRID ANALOG-DIGITAL SYSTEMS 
b ADVANCED STORAGE TECHNIQUES 
o NEW LOGICAL STRUCTURES 


Engineers and scientists needed with experience in all 
phases of digital computer technique and equipment 
development. Systems organization, logical design, 
transistor circuitry, magnetic core and drum memories, 
input-output equipment, packaging. Applications, 
both commercial and military, include airborne digital 
equipment, numerical machine control, and hybrid 
analog-digital systems. Advanced development and 
research on a wide variety of new components and 
logical structures. 


We think you will find this work unusually stimulat- 
ing and satisfying; we would welcome the opportunity 
to discuss it with you in person. Comfortable and 
pleasant surroundings in suburban Detroit. If inter- 
ested, please write or wire Fred A. Barry, Research 
Laboratories Division, Bendix Aviation Corporation, 
Southfield, Michigan. 


Research Laboratories Division 


P.O. BOX 5115 
DETROIT 35, MICHIGAN 


Gendiix” 


AVIATION CORPORATION 
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| NEW BOOKS | 


Another Basic Text 


INTRODUCTION TO THE DESIGN OF 
SERVOMECHANISMS. John L. 
Bower, UCLA, and Peter M. 
Schultheiss, Yale University. 510 
pp. Published by John Wiley & 
Sons, Inc., New York, 1958. $13. 


Based largely on courses offered by 
the Electrical Engineering Dept. of 
Yale University, this book should 
find wide acceptance not only as a 
college text for undergraduate engi- 
neering students but also as an in- 
troductory text for the practicing 
engineer who finds himself in need 
of a good grounding in the principles 
of automatic feedback control theory. 

The authors have aimed the book 
at the mathematical level of the un- 
dergraduate and assume no previous 
background other than a knowledge 
of linear circuit theory and linear dif- 
ferential equations. 

For the student completely unfa- 
miliar with the subject, a brief in- 
troduction and the first chapter pro- 
vide a clear picture of the ultimate 
aim of servo-system design and illus- 
trate the basic concepts involved. In 
Chapter 2, a mathematical introduc- 
tion, the authors point out the in- 
adequacy of the classical approach 
to linear differential equations and 
show how functional transformations 
can be used to simplify solutions 
and, to a large extent, eliminate trial- 
and-error procedures. Short sections 
on the Fourier series and Fourier in- 
tegral serve to prepare the reader for 
subsequent sections on the Laplace 
transformation and its application to 
typical system components. 

The third chapter, on harmonic 
analysis, investigates the close rela- 
tionship between the Laplacian op- 
erator s and the frequency variable 
w. This is followed by a brief chap- 
ter in which the authors develop 
some basic relationships describing 
the behavior of linear feedback sys- 
tems, provide a formal definition of 
stability, and show how the Hurwitz 
criterion may be used as a first check 
on the stability of a system. 

Chapters 5 and 6 introduce suc- 
cessively more refined analytical tech- 
niques: the Nyquist and Bode dia- 
grams. Here the authors also discuss 
the series equalization techniques for 
improving an unsatisfactory Bode plot. 
Another basic technique for improving 
performance, the use of minor loops or 
feedback equalization, is reserved for 
more thorough treatment in Chapter 
8. Between these two discussions are 
presented a number of the more use- 





ful performance criteria and design 

techniques. Fundamentals of the ANOTHER FIRST 
root-locus technique and various sta- a 
tistical considerations are treated 


with a fair amount of detail in the THE 

next two chapters. Finally, the au- ONLY Wt Y/Y; Oy habe 

thors drop the assumed condition of 

linearity and in Chapter 11 enter 

into a discussion of the nonlineari- 

ties encountered in system design. I A C TIMING oss! 
Representative roblems _ have We 


been included at the end of each BASIC ; : 
chapter, starting with Chapter 2.A — FRERGY s« « QU es ; 
33-page appendix covering a number More Reliable . .. More Versatile 


of servo components and their trans- FING Oy 9 ny Mts Diets. Mieke 200 Reriaes 
fer functions minimizes the need for iia. very Aa ml . . peleees SPECIFICATIONS 


additional reference material. the size of your equipment. Standard Voltage Ratings: 
, 12, 24, 115, olts 
WHISPER-QUIET eee 4 Frequency: 
Strictly an electrical motor . . . practically 60 CPS Standard 
noiseless . . . no rattling of gears or ratchets. 25, 50 CPS Available 


Another Big Step HIGH TORQUE. POMaximum (60 CPS) 


Y% oz. inch at the rotor with an instantaneous BASIC MOTOR 
Controt SysTEMS COMPONENTS. start and stop . . . requires only 2% watts ... Weight: 4 ounces 

John E. Gibson, Electrical Engi- can replace larger motors in recorders, con- ee ae 

neering Dept., Purdue University, trols and telemetering equipment. Length: 9/16 inch 

and Franz B. Tuteur, Electrical En- | WIGHEST RELIABILITY... WITH INTEGRAL GEAR TRAIN 
gineering Dept. Yale University. | Longer life . . . no one-way gears or ratchets aoe. se RPM to 1/6 RPH 


1 d id illi f ti 
493 pp. Published by McGraw-Hill ede i . Provides ee ae oe SE Stee 


Book Co., New York. $12. Send for Special Illustrated 
: ime : Bulletin AWH MO-806 
This book has taken the next big 


step toward a comprehensive presenta- | “A W-MIAYDON Company md with 


: INTEGRAL 
tion of servomechanism component 246 NORTH ELA STREET GEAR TRAIN 


behavior. Since current design trends WATERSURY 20, CONNECTICUT 
have been to push component require- Crime Elecite Mechanical Timing Devices 
ments to the limit, an accurate descrip- CIRCLE 136 ON READER-SERVICE CARD 
tion of performance, including non- 
linearity and other nonideal aspects 
of behavior, is increasingly important. 
It was not until 1954 that an entire | 
book was devoted to describing and | WRITE FOR INFORMATION - WRITE FOR INFORMATION + WRITE FOR INFORMATION + WRITE FOR INFORMATION 
analyzing components. This was 
Ahrendt’s Servomechanism Practice, 
which by comparison with the work 
of Gibson and Tuteur, is essentially a 
good introduction, with relatively little 
mathematics; major emphasis is on 
hardware and the problems entailed in 
application. Contro] System Com- 
ponents, on the other hand, does 
have a strong mathematical slant 
(within the grasp of the control engi- 
neer, however), and, while not an ex- 
haustive coverage of the individual 
topics, is adequate to acquaint the 
servomechanism designer with com- 
ponent problems and their analysis. 
The variety of components covered 
leads inevitably to the problem (which 
the authors recognize) of degree of 
emphasis. For the specialist, many 
of the chapters will be inadequate. 
The coverage of transistor topics is 
brief. Items such as resistance poten- 
tiometers and ac tachometers are 
hardly more than touched upon. This 
reviewer feels that stronger emphasis 
on these topics at the expense of some 
of the space given de amplifiers and dc 
machines would have enhanced the 
usefulness of the material. Some 
topics, such as magnetic amplifiers, are 


























Check, clip and mail to: 
W. & L. E. GURLEY 
537 Fulton Street 

Troy, N. Y. 


PRODUCTS and SERVICES 


( CUSTOM SERVICES Reticles for Optical and Photoelectric Instruments + 
Precise Photography - Precision Patterns 
on Glass & Metal - Electroforming and Electroetching « 
Circular, Linear and Cylindrical Dividing 


C) PHOTOELECTRIC DEVICES Shaft Position Encoder - Pulse Generators - 
Readout Devices for Angular and Linear Position 


( OPTICAL INSTRUMENTS Optical Coincidence Reading Systems - Collimators + 
Special Optical Instruments 


(J SURVEYING INSTRUMENTS Transits - Theodolites - Levels - Alidades « Rods + 
Plane Tables - Field Equipment 


(C HYDROLOGICAL INSTRUMENTS Current Meters - Water Level Recorders - Hook Gages 
(CO METEOROLOGICAL INSTRUMENTS Wind Direction and Velocity - Pilot Balloon Theodolites 


(J TESTING INSTRUMENTS Smoothness, Stiffness, Porosity, Sizing Testers for 
Paper & Textiles 


(CO SCIENTIFIC INSTRUMENTS Standards of Mass, Length and Volume 


INFORMATION + WRITE FOR INFORMATION + WRITE FOR INFORMATION + WRITE FOR INFORMATION + 
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SENSITIVE INDICATORS 


... With built-in high-sensitivity tran- | 
sistorized driver circuits to operate | 
directly from low-level signals, where | 


signal excursion is too small for di- 


rect operation of neon or incandescent | 


lamps. Most Minisigs have adjustable 
operating characteristics controlled by 
bias voltage. 

WIDE SELECTION 

New Minisigs now include filament-type, high- 


temperature-type, memory-type, and plug-in-type | 


units, as well as miniature and subminiature 
designs. Here are some typical additions. to the 
growing Minisig family: 

FILAMENT TYPE 

Mode! R-441 is a high-gain indicator employing 
a low-voltage plug-in incandescent lamp. Gives 
bright light when input level is —11.0 volts. 


HIGH-TEMPERATURE TYPES 
Models R-561 and R-661 incorporate silicon tran- 
sistor circuits for operation in the temperature 
range —55°C to +100°C. 


MEMORY TYPE 

Model R-901 employs a Raytheon CK-1050 lamp. 
Anode current of 3.0 ma yields much brighter 
light than an NE-2 glow lamp at max. rating. 


PLUG-IN TYPE 

Model R-1004 assembly includes outer shell and 
R-1005 encapsulated plug-in insert for easy 
servicing. Provides basic flexibility of applica- 
tion of R-101 and R-201. Extends 1%” behind 
panel; mounts in 42” hole. 


MINIATURIZED DESIGNS 
Models R-121 and R-221 require only 1%4” x 42” 


diam. over-all behind panel and mount in %” 
hole. 


.-» AND NEW LOWER PRICES on R-101 and R-201. | 


Write for specifications, operating range 
charts, and prices. And remember, we’re 
always ready to work on your specials. 
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| NEW BOOKS _ 


already well treated in complete vol- 
umes. Nevertheless, the authors have 
found a level very well suited to the 
servomechanism designer who needs 
to know more about components, and 
have provided him an excellent jump- 
ing-off place for further study and 
analysis of new problems. The begin- 
ner will find a comprehensive intro- 
duction to the special problems of 
components, which will lead to much 
greater awareness of the gap between 
system theory and hardware. 

The book is well-written and organ- 
ized, and represents a useful contribu- 
tion to the literature. 

—Sidney Davis 
Consulting Engineer 


Emphasis on Dynamics 


ELECTROMECHANICAL ENERGY Con- 
versION. David C. White and Her- 
bert H. Woodson, both of the De- 
partment of Electrical Engineering, 
MIT. 646 pp. Published by John 
Wiley & Sons, Inc., New York. $12. 


To establish a firm basis for under- 
standing the interactions in any elec- 
tromechanical system, the authors be- 
gin with a fairly rigorous discussion of 
the principles of analytical dynamics 
and their use in establishing equations 
of motion for a given system. They 
then deal with analytical techniques 
for studying these equations as they 
apply to specific systems. Types of 
equations considered: linear with con- 
stant coefficients, linear with time- 
varying coefficients, and nonlinear. In 
each case, fundamental concepts are 
illustrated by a complete analysis of 
a typical energy converter. 

The authors carefully avoid dealing 
with steady-state characteristics and 
specific device designs, instead pro- 
vide a thorough treatment of the dy- 
namic characteristics of energy con- 
verters, and of feedback control system 
theory, and their interrelations. 

To illustrate (and emphasize) a uni- 
form approach to machine analysis, a 
two-phase model of an electric ma- 
chine, called the generalized machine, 
is developed and its equations of mo- 
tion are derived. These same equa- 
tions are used in all the analyses in 
later chapters. The technique of ap- 
plying constraints to general dynamic 
equations is demonstrated in a de- 
tailed treatment of the dynamics of 
commutator machines, induction ma- 
chines, and synchronous machines. 

A number of typical problems at 
the end of each chapter enhances the 
book’s usefulness as a college text. 





HR-92 X-Y 


RECORDER 


e Flat bed — 
Full Chart visibility 

e Unitized Construction 

e Critically damped response 

© Simplified contro! panel 

© Clip-on pen — Interchangeable 
for multicolor traces 

© Standard 812 x 11 paper 

e Unconditionally guaranteed 





for one year. 


RUGGED “All Purpose’”’ 
X-V¥ RECORDER 


The HR-92 is a null-seeking servo-type 
plotter designed to draw curves in 
Cartesian coordinates on regular 8% 
x 11 graph paper. It employs conven- 
tional chopper amplifiers, 2-phase 
motors and a potentiometer rebalance. 
Reference voltages are furnished by 
mercury cells. Control panel has zero 
set and continuously-variable attenuator 
for each axis. Separate standby and 
power switches are provided. Two axes 
are electrically and mechanically inde- 
pendent. By moving an internal jumper 
lead, a high impedance potentiometer 
input can be made available. 


SPECIAL FEATURES: 


Amplifiers easily removed if servicing 
ever becomes necessary. Electrical 
connections all contained in two plugs 
for each amplifier. 

Each amplifier channel (including trans- 
former power supply) independent of 
rest of system. 


WRITE FOR: 
New X-Y Recorder Circular #717-3 
showing complete specifications and 
photographs. 


houston 


* 
instrument 
corporation 


1717 Clay Ave. + Houston 3, Texas 
CA 5-6964 
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MEETINGS 


JUNE 


Material Handling Institute, 1959 Ex- 
position, Cleveland. June 9-12 
Instrument Society of America, Sec- 
ond International Symposium on 
Gas Chromatography, East Lansing, 
Mich. June 10-12 
American Society of Mechanical Engi- 
neers, Semi-Annual Meeting, Chase- 
Park Plaza Hotels, St. Louis 
June 14-18 
UNESCO, First International Con- 
ference on Information Processing, 
UNESCO House, Paris, France 
June 15-20 
Instrument Society of America, Sec- 
ond Nuclear Instrumentation Sym- 
posium, Idaho Falls, Ida. 
June 24-26 
Institute of Radio Engineers, Third 
National Convention on Military 
Electronics, Sheraton-Park Hotel, 
Washington, D.C. June 29-July 1 


JULY 


Case Institute of Technology, 10-Day 
Short Course on Numerical Feed- 
back Control, conducted by Dr. 
Harry W. Mergler, Case Institute 
of Technology, Cleveland 

July 6-17 

Sixth Annual Symposium on Comput- 
ers and Data Processing, sponsored 
by Denver Research Institute of 
University of Denver, Stanley Ho- 
tel, Estes Park, Colo. July 30-31 


AUGUST 


Westem Electronic Show and Con- 
vention (WESCON), sponsored by 
IRE and AIEE, Cow Palace, San 
Francisco Aug. 18-21 

Gordon Research Conference on In- 
strumentation, Colby Junior Col- 
lege, New London, N. H. 

Aug. 24-28 


SEPTEMBER 


Instrument Society of America, 14th 
Annual Instrument Automation 
Conference and Exhibit, Interna- 
tional Amphitheater, Chicago 

Sept. 21-25 

Fourth Annual Special Technical 
Conference on NonLinear Mag- 
netics and Magnetic Amplifiers, 
sponsored by IRE and AIEE, Shore- 
ham Hotel, Washington, D. C. 

Sept. 23-25 

Institute of Radio Engineers, 1959 

National Symposium on Telemeter- 


ing, Civic Auditorium, San Fran- 


cisco Sept. 28-30 





TYPE ROTARY 
SWITCH 


meets MIL specification MIL-S-21604 
and BuShipsDrawing Number 
9000-$6202-74422 


Maximum of 
eight contact positions 
and up te ten sections, 

controlled by a 
single knob. 
Type JL rotary switch 
provides unlimited rotation 
in both directions. Move- 
ment can be limited to any 
number of eight positions 
by two stop screws. 
Designed for single-hole 
panel mounting. 
Electrical Rating: 
5 amperes, 125 volts a-c. 


Write for Bulletin No. 10 


2 oto tm Ae Atel iba || 


ELECTRO SW [a ne) 220) © Bele). | 


Ma 
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WORLD'S 
MOST RUGGED 
a 
PRESSURE 
TRANSDUCER 


BONDED STRAIN GAGE construc- Linearity 0.25%, Hysteresis 0.5%, 


tion makes the Teledyne practically Ambient Temperature -65° to +250° 
insensitive to vibration or shock, F. (18° to’ 121° C) 1 Millisecond 





Measures gaseous or liquid pressures, Response. Eleven Pressure Ranges 
Handles highly corrosive media includ- 0-100 up to 0- 10,000 PSIG. The 
ing fuming NITRIC ACID. Easily dis- Teledyne can be used with Taber 
assembled for clean out and replace- Indicator shown above or with stand- 
ment of parts. Repeatability 0.1%, ard make recorders and controllers. 


bye Write for Literature 
Key. TABER INSTRUMENT CORPORATION 
@ Section 77 107 Goundry St., N. Tonawanda, N. Y. 


Telephone: LUdiow 8900 TWX -TON 277 


alee saree 
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WHAT'S AVAILABLE IN REPRINTS 


The following reprints have been prepared to make DESIGN 
important reference-type editorial material available to ENGINEE | 


ConTro ENGINEERING readers in convenient filable form. 
Some reprints are individual articles, while others are “pack- 
a articles — wee a period = haa mR Select the Right Choke 
ogically supplement one another in the coverage of a speciiic . : 
aaas of the control field. Any reprint can be obtained at INOS PANN 
the nominal cost listed below by filling in the order form and 
sending it, together with remittance, to Readers Service 
Dept. Quantity rates will be quoted on request. 


Survey of Ac Adjustable-Speed Drive Valve, 16 pp. This three-article reprint 
Systems, June 1959, 16 pp. Largely re- takes a fresh look at the problem of spec- 
garded as constant-speed devices, multi- ifying process flow control valves. e 
speed ac actuators actually take many effi- author gives rules for selecting the right | 
cient forms. The recent resurgence of in- —_ valve characteristics based on static and dy- ESSEX ELECTRONICS 
terest in these ac adjustable-speed systems namic considerations, takes into account R EF Ch k Kit 
prompted this comprehensive coverage the ee on piping on valve — ee O e -_ 
of pole-changing techniques, armature- ance, and tackles the problem of sizing Hoare 
resistance coal of wound-rotor motors, valves for maximum flow and for control Chores avaliable in bY ‘Sane —. —_ 
frequency changing, slip-frequency injec- ran ong § 50 cents. sign engineers: 
tion, and the use of eddy-current couplings. eady Reference Data Files—II, 24 pp. | RFC — WEE 0.1 gH to 1,000 nH 0.150 Dia. x 0.3751 
50 cents. Includes the second dozen data files pub- hoe Ghubwaaesh Gute cee. 
A New Way to Select the Best Control lished in Control Engineering. Add it RFC—L 1.0 uH to 10,000 wH 0.31 Dia. x 0.90 L 


A Data sheets available on request both for 
Continued on page 199 the Choke Kits and for the Essex Elec- 
tronics Standard Line of Chokes. Both the 
kits and production quantities of chokes 
are available from stock. 


| Chokes * Delay Lines * Coils + Pulse Transformers 
Reprint Order Form = 


— 563 Springfield Ave., Berkeley Heights, N.J. CR 3-9300 
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Ac Adjustable-Speed Drives $0.50 
A New Way to Select Control Valves $0.50 
Ready Reference Data File—II $0.50 
Fundamentals of Tie-Motor Control $0.30 
How to Use Phase Plane Techniques $0.40 
Economics in Control $0.50 
Electronic Process Control Systems $0.40 
Report on Russian Control $0.40 
Calculating a Control Index $0.30 
Servo Design Techniques $0.65 
Flowmeters $0.50 
Applying Control Timers $0.50 
Control System Reliability $0.20 we 
Point-to-Point Positioning Systems—I, II & III.. $1.50 Lists over 8,000 Precision Instru- 
Ready Reference Data File—I $0.50 ments, Parts and Components. 
Servo Modulators $0.65 : 
The Uses of Digital Computers $3.00 From stock! Complete with Draw. 
Analysis Instrumentation—II $0.60 ings, Full Specifications and Prices. 
Analysis Instrumentation—I 
Basic Data on Process Control 
How to Simulate Dead Time 


Power Amplifiers ; eo ii ) 
Static Switching Devices - 4 tS 
a.” Bear 


Automatic Logging Systems ; FREE \. 


Automatic Machining—A View and a Preview... 14Piece 
A Syst i icts P 
ystem Analysis Predicts Performance “DESIGN-AID’ TEMPLATE KIT 


14 actual size templates, created to 


Reader Service Dept., Conrrot ENGINEERING assist you in the design and develop- 
330 W. 42 St., New York 36, N. Y. ment of specific mechanical systems. 


Send for FREE Catalog 
and “Design Aid” Today. 


PIC DESIGN CORP. 


Subsidiery ot BENRUS WATCH COMPANY, inc. 
477 Atlantic Avenue 
East Rockaway, L. |., N. Y 
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REPRINTS cont’d 


to Ready Reference Data Files—I to keep 
your personal file up to date. Topics cov- 
ered range from analyzing hydraulic servos 
graphically to using silicon diodes as pro- 
tective devices. 50 cents. 

Fundamentals of Tie-Motor Control, 12 
pp. Although high-powered synchro-tie 
systems have been around for a long time, 
only recently has enough experience been 
logged to put their design on a scientific, 
rather than cut-and-try, basis. This reprint 
examines the types of motors that can 
be used in the light of the application 
characteristics, and considers the special 
circuit designs that are required. 30 
cents. 

Applying Phase-Plane Techniques to 
Nonlinear System Design, 16 pp. This 
series of three articles is Sutened to teach 
the use of phase-plane techniques to work- 
ing system designers, on a practical rather 
than theoretical basis. It tells how to 
construct a phase-plane plot, how to in- 
terpret a plot in terms of system per- 
formance, and how to synthesize nonlinear 
systems using phase-plane techniques. 40 
cents. 

Economics in Control, December 1958, 
24 pp. A special report covering the eco- 
nomic aspects of modernizing with control 
systems. It starts off with a guide to the 
financial factors of modernization, then 
tells the control engineer how to spot 
opportunities where the addition of in- 
strumentation and control equipment will 
earn money, and concludes with nine case 
histories showing specific benefits of mod- 
ernizing with control systems. 50 cents. 

First-Hand Report on Control Inside 
Russia, November 1958, 16 pp. A team of 
14 U.S. contro] engineers representing the 
American Automatic Control Council re- 
ports on the status of automatic control 
in Russia. Each expert gives impressions of 
progress in his field of interest based on 
visits to Russian user plants and research 
facilities. 40 cents. 

Electronic Process Control Systems, No- 
vember 1958, 16 pp. A staff report on the 
hottest area in materials processing con- 
trol. Besides giving complete data on the 
six commercially available electronic proc- 
ess control systems (four of them were first 
announced at the 1958 ISA show), the 
article discusses the common denominators 
of all such systems and points out why 
user, consultant, and maker are interested 
in electronics. 40 cents. 

How to Calculate a Control ing In- 
dex, 12 pp. Shows a four-step method for 
predicting the increment of improved plant 
economy resulting from the addition of in- 
struments and controls, and reports on ex- 
perience in applying this method to three 
typical industrial processes. 30 cents. 

Servo Design Techniques, 32 pp. A re- 
print of six related articles “eacrbing vari- 
ous electromechanical servo design tech- 
niques. Items include tachamater teshting, 
force-reflecting servos, calculating perform- 
ance of drag-cup tachs, perm d i servo 
compensation, applying packaged servo ac- 
tuators, and cascading resolvers without 
amplifiers. 65 cents. 

Continued on Page 200 








4 low-cost automatic 
recycling control 


CYCLO- 
MONITOR 


INSTANTANEOUS RECYCLING WITHOUT SKIP 
OR LOSS OF COUNT 


® Simple adjustments of count intervals up to 4000 — for recy- 
cling at high speeds with no time-lag. 


® Replaces change gears, complicated cam systems, timing chains. 


® Cuts operating costs on punch presses, paper converters, and 
many other types of automatic production machines and processes 
— modifiable for special applications. 


On unique projects, requiring design of new equip- 
ment, call for our research and development service 
— right at the planning stage! 


WRITE FOR BULLETIN 202-1 


COUNTER & CONTROL CORPORATION 


4509 WEST BROWN DEER ROAD © MILWAUKEE 18, WISCONSIN 
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POST DECITRON ELECTRONIC PRODUCTS 


Photoelectronic Controls 


Model K-1 with Miniature Photohead 

This is a general purpose photoelectric control whereby 
the interruption of a light beam in the photohead 
closes a relay which can be used to activate an 
external circuit. 


Model K-3 

The K-3 control differs from the K-1 in that the 
output relay will not energize for each interruption 
of the light beam, but only if interruptions cease. 
Can be used to detect “flow” stoppage. 


Model H-21-C 

The compact, long life, miniature photohead . . . ideal 
for mounting in limited space. May be furnished with 
alignment brackets to insure proper relation of light 
source and receiver. 





ELECTRONIC PRODUCTS DIVISION 


Post:Machinery Co | 159 Elliott St., Beverly, Mass 
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SII 


specialized keyboards 


Any number of keys in any 
arrangement you require — 
wired to your specifications 
—in a rugged steel case. 


Concord Keyboards are par- 
ticularly designed for reliable 
operation and specialized layout. 
Each key operates two normally 
open and two normally closed 
contacts simultaneously for 
maximum circuit flexibility. Key 
activated switches are rated for 
over 20 million cycles. Key ac- 
tion is positive, no adjustment 
or lubrication is necessary. 


Typical example — $195.00 for a 
fourteen key keyboard wired 
to 4 foot cable and a Cannon 
connector. Case painted green. 


Delivery 3 weeks. 


Send us a sketch of your de- 
sired key layout and wiring 
specifications. We’ll send you 
an estimate by return mail. 


Concord Control Inc. 


1282 Soldiers Field Road, Boston 35, Mass. 
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ENGINEERS 
Newport Beach, Southern California... 
Holds the Key to YOUR Future! 


FORD MOTOR COMPANY'S young and rapidly expanding sub- 
sidiary, Aeronutronic Systems, Inc. is now offering outstanding 
opportunities for an exciting and highly rewarding career to 
Computer Engineers capable of making significant contribu- 
tions to advanced computer technology. 


AERONUTRONIC—a dynamic new name in science and re- 
search—is moving into the future fast. The first phases of a 
new Research Center are nearing completion at Newport Beach, 
where California living can be enjoyed at its finest. You'll 
work in an intellectual atmosphere—in a community away 
from congestion, yet close to most of Southern California’s 
cultural and educational centers. 


These positions are now open: 


Systems Engineers 
eguatie Memory Engineers 
Communications Engineers 


Digital C 





Logical Designers 

Circuit Engineers 

Mechanical Engineers 
ineers 


P s cal Eng’ 
Transistorized Circu Engineers 


Qualified applicants are invited to send resumes or inquiries to 
Mr. L. RR. St 486, Newport 


iaple, Aeronutronic Systems, Inc., Box NF 
| AERONUTRONIC 


Beach, California. 
A Subsidiary of Ford Motor Company 
Newport Beach * Glendale * Santa Ana * Maywood, California 





COMPUTER DIVISION 


CONTROL ENGINEERING 


YY, 


NMS 


ON UX0CWS 
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What's Available in Flowmeters, 24 pp. 
A comprehensive coverage of positive 
placement, velocity, and mass flowmeters, 
including characteristics, applications, and 
typical manufacturers; plus details of a 
special drag disc meter. 50 cents. 

Selecting and Applying Control Timers, 
24 pp. A compilation of four articles 
including a tab description of timer 
functional parts, criteria for selecting and 
applying control timers, a tabular listing 
of available timer types and their charac- 
teristics, and techniques for custom-design- 
ing controls for time-based routines. 50 
cents. 

What the Control Engineer Should 
Know About Reliability, Apri] 1958, 8 pp. 
Not intended as a comprehensive treatise, 
but rather as a guide to aim the control 
engineer in the right direction, this staft- 
written article discusses the new concept 
of systems effectiveness, and briefly covers 
techniques for measuring reliability, pre- 
dicting reliability, improving reliability, 
and costing reliability. Up to date refer- 
ence sources increase the value. 20 cents. 

Survey of Numerically-Controlled Point- 
to-Point Positioning Systems, 72 pp. This 
complete series covers 31 domestic and 
foreign systems. Detailed operational and 
performance characteristics of each system 
are discussed. Individual parts of series are 
also available as listed below. $1.50. 

Ready Reference Data Files—I, 24 pp. A 
must for every control engineer’s library. 
Includes the first 12 data files published 
in Controt ENGINEERING—a diversity of 
topics, from system reliability through the 
cost of industrial temperature-measuring 
systems. Each one gives a method of solv- 
ing a particular problem. 50 cents. 

Servo Modulators—Their Application, 
Characteristics, and Availability, 36 pp. A 
group of four integrated articles covering 
all phases of electromechanical, electronic, 
solid-state, and magnetic modulators. 
Typical circuit diagrams, characteristics, 
and applications are given for each type, 
plus an 84-item bibliography and tables 
listing commercial units. 65 cents. 

The Use of Digital Computers in Sci- 
ence, in Business, and in Control, 112 
pp. A collection of 14 articles published 
over a period of two years as the Digital 
Application Series. Prominent authorities 
cover the application, programming, over- 
all system design, and commercial avail- 
ability of digital computers in all phases 
of business, industry, and the military. $3. 

Analysis Instrumentation — II — Refrac- 
tometers, Infrared Analyzers, Photometric 
Analyzers, Colorimetry, 32 pp. This in- 
cludes the second group of four articles 
of the Analysis Series. 60 cents. 

Analysis Instrumentation — I — Nuclear 

etic Resonance, Chromatography, 
Radioactivity, 32 pp. Reprint consists 
of first 4 articles of Analysis Instrumenta- 
tion Series: a general introduction and 
detailed discussions of the three analysis 
techniques. Emphasis is on basic princi- 
ples, practical tips, and the use of these 
techniques in automatic process control. 
60 cents. 

Basic Data on Process Control, 24 pp. 
A grouping of five articles on flow-process 





control, including: Basic Concepts of Feed- 
back Control, Selecting Loops for Critical 
Control, Direct or Reverse Controller 
Actions, Modifying Valve Characteristics 
to Fit the Process, and Using Capacitance 
for Accurate Level Measurement. Prac- 
tical information for every process control 
— 50 cents. 

ow to Simulate Dead Time, 6 pp. 
Three tricky techniques for simulating 
dead time or transport lag. One’s elec- 
tronic, another is pneumatic-mechanical, 
and the third uses magnetic tape. A use- 
ful reference for control engineers con- 
cerned with process simulation. 15 cents. 

Transistor and Thyratron Power Ampli- 
fiers, 28 pp. These three articles—one on 
transistors and two on thyratrons—were 
prompted by the increasing control a 
— of transistors as low-power ampli- 

ers and thyratrons as high-power ampli- 
fiers. In each case the emphasis is on 
practical application, circuit design, system 
stabilization, etc. 50 cents. 

Static Switching Devices—-New Tools 
for Industrial Control, May 1957, 28 pp. 
An independent consultant analyzes the 
complete field of industrial static-switch- 
ing systems. Starting off with a review of 
basic switching logic, he covers circuit 
characteristics of the fundamental devices, 
commercially-available systems, actual ap- 
plications, etc. 50 cents. 

A Functional Analysis of Automatic 
Logging Systems, February 1956, 16 pp. 
An examination of the various techniques 
and equipment used in performing the 
eight functions in a generalized automatic 
logging system: transducing, scale-factor 
correction and linearizing, derivation of 
quantities, scanning, analog-to-digital con- 
version, programming and control, alarm, 
and recording or logging. 50 cents. 

Automatic Machining—A View and a 
Preview, 24 Pp. A quick look at some of 
the newer techniques that are being used 
to contro] machine tools. It deals primar- 
ily with recorded-information (numerical) 
control, discussing ways to automatically 
furnish machining instructions, ways to 
drive the tool, or workpiece, and ways to 
measure position and size. 50 cents. 

A System Analysis Predicts Perform- 
ance, June 1955, 16 pp. This rare case 
history shows how determining the dy- 
namic characteristics of both the process 
and the control system (and considering 
both open to modification) can reduce 
cost and improve performance. 50 cents. 


CONTROL BITS 


Magnetic tapes to operate numeric- 


ally controlled machine tools are be- | 


ing prepared at the first automatic 


data processing center on the West | 
Coast. The center, being operated by | 


the Electronic Control Systems facil- 
ity of General Dynamics Corp.’s 
Stromberg-Carlson Div., will supply 
magnetic tapes to run ESC contouring 
control systems. Fifteen milling ma- 
chines equipped with the ECS control 
were supplied to industry last year. 








EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment opportunities—exeou- 
tive, management, technical, selling, office, skilled, manual, ete. 


Position Vacant 
Positions Wanted 
Part Time Work 


DISPLAYED 
The advertising rate ig $21.80 per inch for all adver- 
Using appearing on other than a contract basis. 
Contract rates quoted on request. 
An advertising inch is measured %” vertically on « 
columm—3 columns—30 inches to a page. 
Subject to Agency Commission. 


Send NEW ADS to Classified Aanvating op. of CO 
or 


———RATES—— 


Employment Agencies 
Employment Services 
Labor Bureaus 


UNDISPLAYED 
¢ line, minimum 3 lines. To figure advance 
oe FF oot 5 average words as a line. 
Box Numbers—counts as | line. 
Discount of 10% if full payment is made in advance 
for 4 ve insertions. 


Civil Service Opportunities 
Selling Opportunitics Wanted 
Selling Opportunities Offered 


Not subject to Agency Commission. 
NTROL ENGINEERING, P. 0. Box 12, N. Y. 36, N. Y. 
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ENGINEERS 


RESE“.RCH—DESIGN—DEVELOPMENT 


FOR CREATIVE ASSIGNMENTS WITH 
ADVANCED DEVELOPMENT GROUPS 


CHALLENGING TASKS, LONG TERM EMPLOYMENT, INTERESTING PROGRAMS 


ao 


“Let's deal with at 





Daystrom require the performance of original 


work involving studies, design, and development of systems typical of those listed below. 


NUCLEAR INSTRUMENTATION 

Reactor control systems for atomic powered 
vessels and aircraft; Reactor protection and 
alarm systems. 





DIGITAL COMPUTERS 

Solid State Display Generators; 20,000 word 
(67 bits per word) solid state memory sys- 
tem; Transistorized tactical data communi- 
cations systems; Data collection and reduction 
system. 


j AIRCRAFT AND MISSILE ELECTRONICS 
Nose Cone checkout systems; Bombing and 
| Navigational subsystems tester. 

. 


| COMMUNICATIONS and TELEMETERING 
| Freq y synthesizers; Single sideband trans- 

mitters; Digital data translator; High stability 
| receivers; Rutomatic direction finder; SSB tele- 
| metering system. 





TRAINERS and SIMULATORS 

Large tactical training system. 30 combat 
information center positions; Multiple tgrgat 
imul ‘or Monopulse Radar system; Pulse 
doppler radar simulator. 





| RADAR SYSTEMS : 

| High performance search radar; Missile track- 
ing and guidance radar; Monitoring beacons; 

| Doppler navigator; Low level radar altimeter; 

1 Countermeasures systems. 





Can you make a major contribution, are you i 


routine tasks? 


If so, we are interested in 
i. on have sieniedl 





os “i 


For interviewed 


ted in ging problems rather than 
you. Work with others of equal ability and 


sip ait 





tmop g to your professional growth. 


lat: 





, send 


resume in strict confidence to; 


Mr. JOHN E. THOMAS, Director of Research & Development 


DAYSTROM 


Division of Daystrom Incorporated 


INSTRUMENT 


Archbald, Penna. 








ELECTRONIC ENGINEER 


Manufacturer of automatic temperature 
controls located in northwest suburb of 
Chicago is seeking a young man age 30 
to 40, with college degree in Electronics 
or Electrical Engineering plus 3 to 4 years 
experience in design and development in 
the electronic field, with special emphasis 
on control systems or servo-mechanisms. 


Exceptional opportunity for one desiring 
association with an electronic develop- 
ment program now in its infant stage. 
This is an AAA-1 company with modern 
facilities and complete employee benefits. 
Give full information concerning educa- 
tion, experience, persona! data and salary. 
All information given will be kept con- 
fidential and no employers contacted 
without permission. 


Write To: 
R. G. STECKEL 


THE POWERS REGULATOR COMPANY 


3400 OAKTON STREET 
SKOKIE, ILLINOIS 


CONTROLS ENGINEER 


Graduate engi 
experience in: synthesis of process control 
equipment, circuit logic, application of 
transistorized components to logic net- 


with 





5 years 


works; 
design. 

We are a professional, independent R&D 
and Mfg organization offering challenging 
& rewarding opportunities to highly qualified 
scientists and engineers. Please send de- 
tailed resume. All replies treated in strict 
confidence. Write: 


N. C. DRAMBAREAN, Per. Mgr. 


DESIGNERS FOR INDUSTRY, INC. 


4241 Fulton Parkway, Cleveland 9, Ohio 


some knowledge of computer 
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EMPLOYMENT OPPORTUNITIES 





ESSO RESEARCH LABORATORIES 


BATON ROUGE, LA. 


FOR: 


AN ENGINEER SKILLED IN gn iy tpg 
available. This growth field offers a variety of opportunities 


ELECTRONICS for advancement. 

DESCRIPTION: 
MATHEMATICS © Aoaienien of special electronic equipment to pilot plant 
INSTRUMENTATION © Integration of process and instruments for more advanced 


studies 
® Cooperative work with other engineers on more fundamental 
approach to process control. 


SALARY COMMENSURATE cena 

® Knowledge of Process Control Theory and Problems. 

WITH QUALIFICATIONS @ Sound mathematics background for dealing with process 
simulation. 

©@ Three to four years of industrial experience desirable. 

© Interest centered in process applications of electronics. 


© Personality suitable to cooperative work with others, and 
to training others in electronics. 














CAREER OPPORTUNITIES | 9) DESIGN ENGINEER 


With a company making premium grade 
electronic equipment for aircraft for over MECHANISMS 
30 years. Located in the beautiful lake CONTROLS 
region of Northern New Jersey, less than ee eee a 
35 miles from New York City. isco uh ia aeaataad 
An unusual combination, rarely 
found in one individual is required 
in order to meet the demands of 


Transistor Circuit Engineer 
Tacan Engineers designing electrical — com- 
Receiver Engineers ae reactor and engine 
Transmitter Engineers Mandatory is a BS in Electrical 
Engineering with 8 to 12 years 

Transistors (VHF & UHF Frequencies ) experience in the field of mecha- 
Navigation Equipment nisms for electrical and elec- 


tronic components. 


Transmitters Engineers 
Antenna Design Engineer > PUBLICATION OF TECHNICAL 


Receivers Technical Writers PAPERS IS ENCOURAGED 
Antennas Test Lab Engineers apg hea 


Enjoy the pleasure of working in a new laborato ‘ i 
in a company whose products are known as the Write in confidence including — 
highest quality in the industry. salary requirements to: Diw-48-MFA 


Mr. P. W. Christos 




















Ision D t 
Write or call collect: Personnel Manager as ae 


AIRCRAFT RADIO CORPORATION GENERAL QB ELECTRIC 


P. O. Box 132 Cincinnati 15, Ohio 
Boonton, N. J. DE 4-1800-Ext. 238 














STAFFING NEW PLANT ADDRESS BOX NO. REPLIES TO: Bow No. 
Classified Adv. Div. of this publication. 
SALARIES TO $20,000 PER YEAR CONTROLS ENGINEER Send to office nearest, you you. 
ineers with background in data processing SALARY $12,000 -+- NEW YORK 86: P. 0. BOX 1 
aa worked on computers, systems design, sys. New division multi-plant manufacturing company CHICAGO rH 520 N. vienigon Ave. 
con analysis or systems programing. Urgent need seeking a controls engineer at staff level. Work SAN FRANOISCO 4: 68 Post St 
a uate engineer to department manager. — ee ee and servo mechani _ 
ompany client assumes agency fee and vi 
Company, ottont gt all employment ex- nan: Geen ie tee eta SELLING OPPORTUNITY OFFERED 
ESQUIRE PERSONNEL MONARCH PERSONNEL Sales representatives wanted for plet 
202 South State Street, ’ Chicago 4, Minois 28 East Jackson Bivd., Chicago 4, Illinois line of new photoelectric controls. Many areas 
open. Reply to RW-1593, Control Engineering. 
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Professional Personnel Requisition 





Controls & Instrumentation Engineers 


Marquardt Aircraft — a leader in air and space propulsion and control sys- 
tems, high altitude rocket research and weapon support systems — offers 
a creative engineering environment in which you will find significant active 
projects. These include engine control systems for nuclear turbojet, inlet 
control systems for the North American F-108 and Hound Dog missile, 
control systems for the supersonic ramjet engine, feasibility studies of 
advanced and unique engine cycles, nozzle control for advanced ballistic 
missile components and other power system actuators. These control units 
include fluid and gas operated servo systems suited for environments 
above one thousand degrees. 

If you are an engineer experienced in fluid dynamics or fluid operated 
controls and interested in mechanisms designed for severe environmental 
conditions, you should consider one of the following engineering oppor- 


tunities at Marquardt: 


CONTROLS DESIGN 


To create components for pneumatic and 
hydraulic control systems. Work ranges 
from simple piston actuators to complex 
speed computing devices. All designed for 
high sensitivity, fast response, extreme 
environmental conditions and light weight. 
Should be experienced in machine design 
and have an understanding of basic design 
analysis. 


CONTROLS ANALYSIS 


To investigate aircraft and missile control 
problems through the application of analy- 
sis methods in mechanics and dynamics, heat 
transfer, compressible flow, and servomech- 
anisms. Position offers opportunity for cre- 
ative engineering. 


CONTROLS DEVELOPMENT 


Opportunity to create workable controls 
components. Must have a “feel” for hard- 
ware and desire to undertake broad engi- 
neering responsibility. Opportunity to solve 
“on-the-spot” engineering problems utiliz- 
ing pneumatic and hydraulic control analy- 
sis techniques. 


For additional information, please write 
Mr. Floyd E. Hargiss, Manager 
Professional Personnel, Dept. 0-2 
Marquardt Aircraft Co. 

16555 Saticoy Street 
Van Nuys, California 





ENGINEERING STANDARDS 


Implement, establish and/or originate the 
use of standards both design and hardware 
for reduction of time and cost of engineer- 
ing effort. Must have knowledge of hydrau- 
lic and pneumatic design and components. 
Should be capable of setting up an evalua- 
tion program as required. Requires abilit 
to work with many engineering groups bot 
in advisory and service capacity. 


CONTROL RELIABILITY 


To predict reliability of control of units and 
recommend appropriate design changes. 
Knowledge of servomechanisms and feed- 
back theory desirable. Should have back- 
ground in statistics and experience in reli- 
ability field. 


INSTRUMENTATION 


Specification and design of instrument com- 
ponents and systems for ground testing of 
supersonic ramjet engines, jet engine com- 
ponents, inlet controls, nuclear powerplant 
controls and emergency power units. Prefer 
instrumentation experience, including data 
acquisition and processing equipment. 
Familiar with process control systems. 
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AIRCRAFT CO. 


COOPER DEVELOPMENT CORP.—MONROVIA, CALIFORNIA—A MARQUARDT SUBSIDIARY 
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NEW SUBMINIATURE ™%& 


y a 
7 WIGH TEMPERATURE 


TRIMMER 


Now available as a wirewound or film ey 


type trimmer that is moisture proof, 
ACTUAL SIZE . subminiature in size and 


withstands a temperature 


of 225°C., in a higher fP 


resistance range. 


FEATURES 


Type RTW (wirewound) Resistance Range 100 ohms to 100,000 ohms 


Type RTF (film) Resistance Range 100 ohms to 25,000 ohms, providing 
infinite resolution 


25 turn lead-screw adjustment 
Unique stop-overide safety mechanism 
Housing of High Temperature Molded Plastic 
Variety of mountings: Printed Circuit Lugs 
Printed Circuit Wires 
Tinned Leads 
Virtually hermetic sealed mects Mil std. 202 Procedure 106 Humidity Test 
with rated power applied 
Precious metal take off and end tabs 
Dual stainless steel contacts on winding and slip ring for extra reliability 
Power rating of .83 watts at 80°C., .1 watt at 200°C. 


Engineered, quality controlled manufacture and 
environmental tested to meet the exacting demands 
of missile and other military applications, make 
these new low cost trimmers a long-sought con- 
tribution to design and production problems. 


Write wire or call for full details and 
technical data. 


TECHNOLOGY INSTRUMENT CORP. 


523 MAIN ST., ACTON, MASS. — COlonial 33-7711 


North Hollywood, California POplar 5-8620 STaniey 7-O286 
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| WAS A 
TEENAGE 
FLOWMETER 
CLEANER 


(EE 


At the kennel they said I’d come to no good. 
After all, what careers were open to a dog born with 
bottlebrushes instead of forepaws? And then a kindly 
instrument engineer stepped into my life. He saw me 
not as a pointless cur, but as a first class meter cleaner. 

How proud I was with my shiny badge, bucket 
and bright yellow helmet. Each morning I sat by as 
my crew dropped a flowmeter out of the line. Then, 
a quick dip in detergent, and into the meter I jumped, 
forebrushes swinging. They were happy days, in 
spite of the inevitable tight spots. Many’s the venturi 
I’ve squeezed through, and I carry the scars of any 
number of disgruntled orifices. 

Then, doomsday! One afternoon, while chasing 
a cat around a reactor, I overheard some talk about a 


new magnetic flowmeter on its way from Fischer & 
Porter . . . without restrictions. No cunning crevices 
.. ho rotors ...no plates. . . no place for dirt to 
collect. I slunk away defeated, pausing only to cry 
at the feet of my kindly instrument engineer. 
Meter cleaners of the world ... UNITE! Every 
day Fischer & Porter turns out more of these new 
meters that can measure tougher liquids, with lower 
and lower conductivities. They’re already down to 
one micromho per centimeter . . . less than distilled 
water. Your job may be next. If you don’t believe 
me, ask for your copy of Catalog 10D1416. Write 
Fischer & Porter Company, 769 County Line Road, 
Hatboro, Pa. In Canada, write Fischer & Porter 
(Canada) Ltd., 2700 Jane Street, Toronto, Ontario. 


Pr FISCHER & PORTER COMPANY compere process InsTauMENTATION 
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